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Jjonnann Anragemuu nayr CCCP 
1961. Tom 139, Ne 4 


MATEMATHKA 


tO. M1. PFHH3BYPL 


O MPOEKTHPOBAHHH B PHJIbBEPTOBOM MIPOCTPAHCTBE 
C BHJIMHEMHOM METPHKOU 


(ITpedcemaeaeno axademuxom JI. C. Tonmpaeunstm 21 III 1961) 


| Tlycts 8 rump6epTosom mpocrpancrse $ co CKaNApHBIM MpousBekenveM 
(f, g) 3alan HenpeppisuEti Outuneituptit (BooOule ToBOpA, He 9PMHTOBO-CHMMeT- 
(puyeckuit) (yHKuMoHal 


> lf, ol == (Gf, g). 


‘A 
Jluneiiupiii orpanvyenHblit onepatop G MbI OyeM Ha3bIBATh OTE paTOPOM 
Tpama dyuxuuonana [f,g)B mpoctTpancTBe §. 
| Tlycrps Mt — amunean w §. Bexrop gEM mut Haz03em (e304) G-npoekuer 
‘Bextopa f ua M, ecnu [Ff —g, h] = 0 ana Bcex HEM. Onepatop Vy (BooS Ile 
‘POBopa, HeOMHO3HadHEId) OyZeM Ha3bI3aTb G-2poeKTOPOM Ha ®, ecu 
Jon Kaxnomy /€$ OTHOCHT MHOxKeCTBO (BO3MOKHO, myctoe) G-mpoekunit f 
(Ha MN. Hexoropnie MocraTounble ycoBUua CyilecTBOBAaHHA G-mpoekiult B cy4ae 
‘SpmuToso-cummetpuyeckoro [f, g] O»ima nonysentt P. Hesanmunna () nu 
‘H.C. Jloyxusaapa (). B tom cayuae, Kora popma [f, f] wmeeT KoHeuHOe YHCIO 
(OTPUaTeAbHLIX KBapaToB, 9TOT BONpoc paccMaTpuBaICA paHee JL. G,, Tlou- 
(zparunem (3), a 3atem M1. C. Voxsugossm u M. L. Kpeitnom (eg? 
B nactosmei 3amMerke npuBogutca opMysa, cBA3bIBa:0Nad G-mpoeKTop 
\Ha’auneam Mc onepatopom 7, oSnacTb sHayenult KoTOporo CoBMamaer C M, 
‘UH opmysupyerca pa KpuTepwes CylleCTBOBAHHA H eMHCTBCHHOCTH G-mp9- 
‘eKUHH, H3 KOTOPbIX, B YACTHOCTH, BbITeKaIOT H YMOMAHYTHIC pe3y/bTaThl He- 
‘Banna uM JloyxuBaapa. Kpome Toro, Aia YacTHoro Cilydad G=J(w=I], 
J* = J) Mbt Jaem momHoe onucaHne Tex AepuHUTHEIX (MOMOMKUTEMbHBIX HM OT- 
“pulaTesbHbIx (*)) HOAMpocTpaHcTs M, Wat KOTOPHIX OnepaTop Qyy onpesesmeHn 
BO BCeM §). 
_ 1. Tycrs A — mpousBonbubii smneiinptit onepatop B 9. Tlog A-* mot 6yem 
'B JlabuelilleM NOHUMAaTb OMepaTop (BOOOUIe FOBOPA, HEOLHOSHAYHbIIt), cTaBAULMH 
'B COOTBeTCTBHe KaxKOMy /G§ MHOxKeCTBO (BO3MOxKHO, MycToe) BCexX ero Npo- 
o6pa3os fh (Ah = /). 
Teopemal. Ecau ®M — o62acmb sHavenu oepanidtennozo AuHetHO20 
onepamopa T,. mo 


~*~ 


ae 


GEES TENG CATR AE ht eS 


Ecau 9% — nosmpoctpanctso, To, Mosarast T = Py, rae Py, — oObmubtit 
OPTOPOHaIbHHIH MpoekTop Ha M, NoyYHM 


ar =< 2 


er rcm 


— 


Qe = Gg PG 


a 


anecb Gy = Ps,GPy,—onepatop Tpama @yukuuonaaa If, g] B nog~npoctTpan 
TBE WM). 

Orcioya HeMocpeACTBeHHO BEITeKaIoT CJleLyIollNe yTBep KEHNA. 

19. Jina toro uToObl KaxyEIii BeKTOp 43 § HMeT He Gosee omHon 
G-npoeKiuH Ha NosnpocrpaHcTBo M, HeOOXOMMMO H MOcTATOMHO, uToOb! Ha M 
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onepaTop Gg He aHHYJHpOBaJca (TaKoe NOMMpOcTpaHcTBo Mm mp Oyaem 


Ha3bIBaTb HE BbI pO K LC HHbIM). 
20. Jina roro uToOb! BeKTop fy HMew G-l1poeKUHIO Ha MOAMpoeTpaHcTBo M, 


HeEOOXOMMO H JOCTaTOUHO, 4TOObI 
PyGfo e R (Gy) 


(cuvBosiom 9(A) MbI CGosHadaeM OONacTb 3Ha¥eHHH ONepaTopa A). 
3°, Kaskapili BeKTOp M3 § uMeeT XOTA Obl OfHY G-MpoekUHIoO Ha NoANpocrpan- 
cTBO MM Tora WH TOMbKO TOTa, Kora 


R (Pyx G) = R (Gg). 


HwxKe MbI cpopMysupyeM MpefiowenHa 1° uw 2° B uHOH dopme. Ja sToro 
B mlofmpoctpaucrBe MC § paccmotpum nonyHopmy (°) |f\m =| Ge f| = 
= (GyGyy f, f"* (B uactuoctu, |flg =|G fl). Moznpoctpanctso S$ Has0Bem 
OTHOCHTe€AbHO HpPaBHAbBHBIM, eCAH MOJYHOpMBI lf ho Mi If ls 
9KBUBAJIeCHTHbI Ha St, YTO B pacCCMaTpHBaeMoM CJly4ae CBOAUTCA K CJeMyrollemMy: 
ecaH |fnly > 0 (frE®), To |fn|, 9. Ilogmpoctpanctso M OyyemM Ha3bI- 
BaTh I paBHAbHBIM, CCIM Ha NM SKBUBaNeHTHE! | /,|,. 4 | {. OveBuaHo, 
BCHKO€ IIpaBHJIbHOe NOANPCCTpaHCTBO ABJIA€TCH OTHOCHTeJIbHO MpaBHJIbHBIM. 
O6paTHoe cipaBeJIHEO JINUb TOra, Kora camo § MpaBysEHO. Ha ocHOBaHUH © 
Teopembl Banaxa 06 oOpaTHOM oMmepaTope, nodnpocmpancmeo MN npasuaono 
mozda u moAbKo mozda, Koeda | f lp SeAReMCA HOpMOw U 6 amo HOpMe IR noAKo, 
yTO JIA flecbHHUTHOrTO MN paBHOCHJIbHO TowWHOTe B HOpme | If, f] |’4. 

Teopem a2, 1) as moezo «moder cywecmeoceana G-npoeKuua 6eKmOpAa Lo 
Ha nodnpocmpancmeo MR, HeoOxodumo u Oocmamo4Ho, umober myxKuUuoHaA 
Qe, (f) = Io, f] Goa Henpepoween Ha MM 6 mononoceuu, onpedennemot noayHopmol 
\F gp (7. e. us mozo, amo lim |\fnl, =9 (fr€M®), Goumekaem pasencmeo 
lim Pg. in) =D). 

2) Jaa mozo umobet KasKOoutt eeKmop U3 $ umen xomaA Oot OOHY G-npoeKYUtO 
Ha M, NeoOxodumo u Oocmamo4Ho, 4mobet noOnpocmpancméeo SQ ObLAo omuHo- 
cumeNbHO NpabuUAbHOIM. 

Tipu foka3aTebcTBe STO TeOPpeMbI HCMOb3yeTCA CJeqyroullee BCMOMOra- 
TeJIbHOe IIpeJIOr*KeHHe: | 

Ilycms A u B— oepanusennoie aunetinoie onepamopet 6 $. Tozda dan moeo, © 
4moobl 


# (A) CR (A), 
HeOOXOOUMO U Oocmamo4nHo, 4mobol 


| AA <afs” 


dan HeKomopozo a >>O0 npu ecex hEH. ) 

2. Ilpeqnouioxum tTenepb, yTo dyHkunonan [f, g) spMntoBo-cumMeTpnyeH, 
T. €. G ABJAeTCH CAMOCONpAKEHHBIM ONepaTopom. B stom cyyae ycnoBHe cy- 
UL€CTBOBAHHA G-fpOeKIHH BeKTOpa Ha MOLMpocTpancTBO MOxKHO ccbopMyau- | 
poBaTb B MHOM Buye. Ilyctp EP” (a<t <b) — pasmomenue equuuubI one- 


(Mt) 
patopa Gy (E." = 0, EL)” = Py). Torga ua ocnopanuu 2° ma cymecTBo-- 
BaHHA Qy fo HEOOXOJUMO MH JOcTATOUHO, YTOOLI 


b = 


\ ad EM Gfol? <c. 


a 


Mur NOAH TpHSHak CyllecTBOBaHHA G-npoekuMH, HaliqenHtt H.C. Jloy- 
xuBaapa (”) u o6o6ulaiomni Oonee pannnii pesybtat P. Hesanaunna Ga 
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HasopemM G-OpTOrTOHAABHHEM JONOMHEHHEM NOANMpo- 
pauctTBa MC H MHoxecTBO M BekTOpOB H3 H, G-opTOrOHAaJbHBIX M. 
V3 Teopemp! 2 serko BbITeKaeT CJleqyrollee MpeliorwKenne: 
TeopemMas3. 1a mozo umober 6bia0 cnpasedaueo pasercmeo 


M+ N= H, 

206 xodumo u Oocmamo4Ho, amobet MN OolAo HeeblPCHCOeHHbIM U CMNCCUMeAbNO 
pasuzcHem. B amom caywae RQ makoce omHCCUMeAeHO NpaeUAcHO, a ecau H 
BabipoacdeHHo, mo HECbLPODICORHHOLM seasemcn u N*, 

3. PaccMoTpuM TOT YaCTHBI cayyal, Korya onepatop Tpama G dyHKilHo- 
ayia [f, g) umeer Buy G =J = P, —P_ (P., P_— optoronanbunie mpoex- 
DPE, bar. g 0, Pa + P= = I). ee 54. = P,§, 5. = P_ SH. 

Ilyctb SY — HeKOTOpHIH AHHeal BS. rian CyLLeCTBYeT ae Hee onepa- 
dp K, oToOpaxarmomml mM = Pim na 7 = P_M (nau MM na mM) 
‘MMEIOWUi CBOUM rpadbHKoM AnMHeam MM, TO MBI Hasonpem K yr OBBLIM ON e- 
aTopoM JmHeaa QR OTHOCHTeEIbHO $4 (OTHOCHTeIbHO §_) (cp. (*)). 
Teo pema 4. Jlnza moeo umo6or aunean MC H ABAANCA Heompuua- 


bHbim noOnpocmpaxncmeom (4), HeoOxodumO u Occmamcuno,: 4mMCEw Yeacectt 
spamop K aurkeana M omHocumenbnHO H4 CYWECMECEAN U ACARACH nepacma- 


mum Ha MT (\K|< 1). Zpu smom ® neanemca noacucumerbKeim moeCa 
monoko moeda, Kozda K cocumaruut na M™ (\Kf | < | fi das + fem), 


yaceoin — Koeda K usomempusen na M™ (| Kf =f, fem™), a npasuao- 
blu — Koeda | K| < 1. 
 Copepiienno ananoruuHo dopMyMpyeTca TeopeMa JI HEMOMOKUTEMBEBIX 
omtipoctpancrs. 

_ Tak Kak KaxKgoe nognpoctpanctBo MC H AoMycKaeT ofHO3HAYHOCe pas- 


oxKenne 

q M == MiP 2a © Mo, 
| 
Te M+~, M_, M> — COOTBETCTEEHHO MOMOKUTEbHOe, OTPHUATebHOe H HYVJe- 
Qe Mo_MpoctpancTBa OMHOBpeMeHHO OpTOroHabuble H J-OpTOrOHasbHble MexX- 
Yy coOoi (cM., HampuMep, (')), TO Teopema 4 No3BOAseT 2aTb ONHCaHHe -BCex 
PABHIDHEIX H HENpaBHJIbHBIX MOAMPOCTpancTB MpocTpanctBa § c HHJepHHHUT- 
oH J -metpuKoii. 

M3 cka3anHoro Bbllle clleqyeT, 4TO O2A moeo umobel stoOboe NeEbipooeOeNHoe 
Onpocmpaxcméeo 6 SH OblAO npasuAbHbim, HeCOxodUMO tk OocmamoxKO, 4umoObor 
@smepHocms xoma Obl OOHO2O us NOONpocmpancmé H4. U H— Obisa KoHeLHou (JO- 
TATOUHOCTb 2TOFO yCJIOBHA OKa3ana B (*)). 

Orcioya u u3 TeOopembI 2 BbITeKaIoT NpHHaqexkamne JI. C. Tlontpsruny (°*) 
YJIbTaTbl OTHOCHTeEJIbHO CYUIeCTBOBaHHA J-NpOeKUHH Ha HeBbIPOXJeHHOe 
OMpocTpaHcTBo B Cculyuae dim 9- < oo, a Take TO, 4TO IpH dim H, = 


4 
it 


pyaHo BHJl€Tb, MHOKECTBO BeKTOPOB, KOTOpble HMeIOT J-MpoekUHIO Ha M, 
WlOTHO B $. Kak moKa3biBaloT MpuMepbl, pH G = J sto, BooCe rOBOpsA, He 


SamMeTHM, 4TO TeopeMa | NO3BONIAeT BLIPA3HTb, HAalpHMep, J-MpoeKTOp Ha 
AKCHMAJIbHOe MOJIOKUTeEIbHOe NoAMpoctpanctBo M (°) yepes yrsoBolij one- 
atop K sToro mogsmpocTpaHcTBa, a HMeHHO, 


pete nat A Ae aerat RYO (P + IC), 


}91a TeopeMa MoxeT HaliTH TakxKe MpHMeHeHHe IPH BbITHCeEHHH KoOshdpu- 
IBCHTOB 3JICEMCHTAPHBIX MHOXKUTeNeli B MOJYYeHHOM BMepBbIe B KOHCYHOMEPHOM' 


_ * Tlocne Toro Kak HaCTOHMan CTaTbA Obia ClaHa B NevaTb, MbI NOSH8KOMVIHCh C pa6oToH 
), H3 pesyETaTOB KOTOPOH, B YaCTHOCTH, BLITeKAeT NpeMowenHe, OnusKCe K Teopeme 3. 
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cenyuae B. IT. Moranossm (°) MybTHIIMKAaTHBHOM pa3JIOKeHHU aHaJIMTHUeCKO 
onepatop-yukuuu Y (¢), aByctoponHeh J-HepactaruBaiomen (°) npu |¢| < | 
B ocHoBe 3TOrO NpMMeHeHUA JexKUT TOT (bakT, 4TO ecm A — cTapwIMH Kod 
<pulneHT pga Jlopana dyukunu Y (C) B oKpecTHocTH MNomoca Cy (|Co] < 


To (A) ABJIAeTCH NpaBHJIbHbIM OTPHWaTeIbHbIM MOAMPOCTpaHcTBoM. 


Ogeccku rocyfapcTBeHHEI neqarorMyecKul MHCTATYT Tlocrynuno 
um. K. J. YuruucKoro 16 IIT 1961 
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Wornxann Akagemun nayr CCCP 
1961. Tom 139, Ne 4 


MATEMATHKA 


MH. W. FOXBEPL u M. ©. KPEHH 


| O BOJIBTEPPOQBbIX OFEPATOPAX C MHHMOM KOMMOHEHTONM 
| TOTO WJM WHOFO KJIACCA 


(IT pedcmaéaeno axademuxom A. H. Koamozopoesim 16 III 1961) 


*\ 1. B nactosmel sametke Mpl OyqeM MpHep2KHBaTbCA TepMHHOJOTUN H 
DOOSHAaYeHUH Mpekbyulel sametKu (!). B uacruoctu, yepes G, (1 «g p< ov) 
(OyqeT OCo3sHaYaTbCA OaHaxOBO MpocTpaHCcTBO Bcex onepaTopoB AGS (Se — 

[MHO*KECTBO BCeX BMOJIHe HeMpepbIBHbIX ONepaTOpoB, eHCTBYIOWIUX B rHsbOep- 
TOBOM TIpoctpauctBe §), MIA KOTOPbIX 


# 


(Ap)? = 18h (A) = Sp ((A A)?”) < 00. 


ge 


_ Ji, A. Caxnosuy (7) (cm. TaKxe (*)) MoKa3au1, 4TO, eCJIH MHHMAA KOMMOHeHTA 
A (= (A — A’*)/2i) BonbTeppoBa onepaTopa MpuHaqiexuT Ksaccy G2, To 
3TOMy *Ke KNlaccy MpHHaexKUT BelllecTBeHHaA KOMMOHeHTa Ap (= (A +A’)/2) 
HM |Arl, =|Azle. Satem asropamn (', *, *) ObwIN MomydeHbI pasmMyHbIe xapak- 
ffepHCTHKH KOMHOHeHTEI Ar BoulbTeppoBa onepatopa A c A; €©,. Ocenbio 
{1959 r. Ha V Beecoro3Hot KondepeHuuN No (PyHKUMOHAIbHOMY aHalH3y BT. Ba- 
(Ky, Upu oOcyxgzenun c C. I. Kpeiinom pala AonoxkeHHbIx aBTOpaMu pesyvib- 
ffaToB, OOHApyxXus0Cb, YTO HMeeT MEeCTO: 
| Teopemal. Ecau odna u3 Komnonenm e6oAbmepposa onepamopa A 
meem Konernoli nopx00K > 1, mo Opyean Komnonenma umeem mom dice nopsAOOK. 
| Tloacuum, 1170 NopsaAKomM P(A) (0< p (A) < oo) onepatopa A ua- 
BLIBACTCA HWMKHAA Tpaub 4HCe p, WA KOTOPLIX A E Gp. 

Jlia crygaa 1 < p(Ay) < 2 97a Teopema BHIBO_UTCA H3 Teopempl JI. A. Cax- 
fopuya (2) u Teopempl 2 43 (3) ¢ MOMOMLbIO CesyioUlell eMMbI. 
| Jlemma 1. [Mycme T,— onepamop-dynkyua co sHa4eHUAMU U3 Goo, 
Poaomopipran 6 nonoce a, <Rez<a,. Ecau 


' \Ta; til Cj (— 0 Kyo f=l1,2,1<a<m< ), 


imo Gan Atob020 npomeocymounoeo x (a, < xX < de) Oydem 


| Tet ivley S CVC *, 


priatpo+(l—t,py t, = (*—a,)/(a,—a,). 


' " ? 
| Ora cleMMa, MpefictaBanoulan coOoh cBoeoOpa3sHoe pa3BHTHe H3BeCTHOK 
' TeopHu dyHKUHH TeopeMbI O TpeX MPAMBIX, Oblla NOMyyeHa aBTopaMu 


BbIACHCHHH pOJIHM STOM JICEMMbI B HHTepecylouluyxX HX BOTIpocax. 

| Cnpapequsoctb Teopempr | ya cayuan 2< p(Ay)< co BbITeKaeT yxe 
MIpefbilyuero Ha OCHOBaHHH OOmLeli TeopembI 2 HB ('). 

2. Henasuo B. H. Mauaes (°) pa3pua HOBbIi MeTOA. UCCJeqOBaHHA 3aBHCH- 
(OCTH M@Ky MOBeeCHHeEM JIPMATOBLIX KOMIOHEHT BOJbTeppoBa OlepaTopa, 
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OCHOBaHHBI Ha TCHKHX TeEOpeMax TeOpHH *yHKUMH, UM yKe YCTAHOPJEHHbI 
(*). B vactHCCTH, 8TOT METC], NOSEQMNA EMy NCTyYATb Clenyicilee yTOUHeHy 
Teopemp! 1: 

Teopema 2. JTycme A —eoaemeppos onepamop.|} Ecau A;ES 
(l<p<oo), mo ARES, u 

Ag pS Cp | Ay Ip» (1 

20e Cy — HeKOMOpPaA KOHCMaHMA, sAéeUucAWAA MOAbKO OM Pp 

Teopema 2 u3 (*) MO3BOAeT TAaKKE YIBEPRAaTh, ATO 


Cp = Conp—y (22 7p co), 


eculM Toft Cy) MOHMMaTb TOUHYIO KOHCTAaHTY ua (1). 

Tlocne pesyaptata B. MW. Manaepa aptopbl OCHapyKusH, YTO K HX MeTOMa 
OCTaeTCA HEMHOFO OOaBUTb, YTCCLI NOMYYHTb Teopemy 2, NpHyeM co cueLy 
UMMM XapaKTepHCTHKaMM TOYHOH KOHCTAHTHI C,: 

1) koneTanta C, aABAaeTCA JOrapHdMHYeECKH BHINYKON (a CeqOBaTebHO 
HelIpepbIBHOLi) cbyHkuneli apryMenta — = p"' B uHTeppane (O< E< 1); | 

2) Kak (PyHKUHA “apryMeHTa p KOHCTaHTa Cp, MOHOTOHHA H HeOrpaHHuenH 
BospacTaeT Ha oTpeske (2< p < ov); 

3) pocT KOHCTaHTHI C, CrpaHHYHBaeTCA HepaBeHCTBOM Cy, < Cy any Vo 
(l< p< oo), a Take HepaBeHcTBamMu ap < C, < Bp (2 < p< oo), rye 
vu fp — HeKOTOpbie TOCTOAHHbIe (B YaCTHOCTH, MOXKHO NOMOKUTh o& = 1/20 ¥ 
Dee (o> lil) iCa nl), 

JlokKaSaT@€AbCTB.O,TEOPeEMH 2 w CB On Cir Boel) eZ) ee 
KOHCTAHTH C,. OGo3HauuM Yepe3s R COBOKYNHOCTb BCeX CaMOcONpsKeH 
HbIX KOHCUHOMeEPHEIX oNepaTopos. IlycTb |$ — npousBoubHaa HenpepbiBHa 
wenouka (cm. (')). 

Ecau H€&, To cxoquTcaA HHTerpan 


8 (H),={8 (9) =i \ (PH dP — dP HP), 
mpu4em & (H)€ GS, (p > 1) u § (H) + iH saBanetca BombTeppoRbiM onepa: 
TOPOM Cc coOcTBeHHOHK wenouKkon H. 


q ~ 


TlonoxKum | 


= 


Ite = sup (SH) |p /|H\p) (1 < p<_ 00; %p< 0). 
ER 


fBmecte c onepatopom § (H) + iH u onepatop B = (§ (H) + iH)? Bonb 
TeppOB uM OONaqaeT LeNoUKOH MP. 
Sanucb Toro, uo Br = § (B;), Aaer TOueCTBO * 


[S (H)P = H® +8 (HS(H) +8(H) A). (2) 
Tak Kak ana moOnx X,YE€CG3, |XYG<|Xl\e5|V ep, To 
1S (AYP Ip = (18 (A) lee)? < (| Hep)? + 240 | A eo | 8 (A) [op 


Otciona waxcnym |§(H)|p/|Hlp<%p sy +7, TO jRaer 1a < 


Sto + V1 +73. Us noKkasannoro u WHTHpOBaHHOH Teopemsl JI. A. CaxHo- 
BUYa BRITEKAET, YTO Yn << co (n = 1,2,...). 


* : 4 
; YKaxwKeM Ha TO, ¥TO HPesH ycTaHOBIeHHA H HCNOMP3OBaHHA TOM MecTBa (2) BOSHHKIa y AB- 
TOPOB B CBasH C mpeniowenHEIM M Kotaspom (7) 3aMeuaTedbHO MpOCTHIM JOKasaTe/IbCTBOM Te- 
opemst M. Pucca o mpeodpasosanun Tusp6epra. : Tae 
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OrmpaBaact OT JoSoro onepatopa HE, o6pa3yem mo ero MONA pHOMY 
eqcTaBenuio H = UM (U — yuutapuuiit, a Ai — neotpuatetbubiit one- 
patop) romomMoppxyio onepatop-pyukumio T, = §(UH/). lipumenenne xk 93T0i 
Omepatop- -PyHKuMH AemMpl | npua, = p/p,,a = p/pp(l< pp << p< pe < ov) 
HoKasisaer, TO, KONb CKOPO Yp, << 00 H Yp, << 0, TOM Tp < 00H, oe TOrO, 
Yo ABAAeTCA AOrapupMuyecku BbINyKIOH dyHKuveH oT p! (PS p< pz). 
Tak Kak ya=1u ips (i= 2d. ye TO fn: < Comp HZ Dai) Ned 
& 3 yka3aHHbIX CBOHCTB KOHCTAHTHI Yp Y2K€ MOMKHO JIePKO BbIBECTH, 4TO OHA 
OOlaqaeT cBolicTBamu 1), 2), 3), chopMyJIMpOBaHHbIMH AA KOHCTaHTHI Cp. 
_ Iloxaxem, 4uTo Teopema 2 cnpaBeqiuBa npu Cy, = sup Yp, rae supremum 
Gepetcd Mo BCeM HeMpepbisuHbiM wenoukam 9. Tlycrb A — npou3Boububtil 
BOJIbTeppoB onepatop. Be3 orpaHHyeHHa OOWHOCTH MOKHO Mpenouo- 
(KUT, TO coOcTBeHHad WenouKa J onepatopa A HempeppiBHa. OueBnguHo, Ar= 
: (47:9). 
* D ttycrs {H,}y —Mocaeqosatebuocts onepaTopoB us & TaKas, TO 
WH. — A;|p—~0. WUcnonp3ya (1) nu 3aMKHyTocTb onepatopa§ = gi. 3), 
: Houlydaem |S (H,) —Ar|— 0. M2apexoga B coornoutsHun | 8 (Hn) |p <Cp| An |p 
* pefesty mpH n—+ oo, momyyaem (1) B oOulem cayyae. 
- Csofictsa 1), 2), 3) KoncrauTb! C,, O4eBUAHO, CeMyiOT M3 COOTBETCTBYIOULH X 
— KOHCTAHTHI Yp. 


3. Tiyers Hl = {,}) — Mpou3B0/IbHad HeBO3pacTa‘olad MocMekozares b- 


ocr MOJIOMUTeIbHLIX GHCe %, Takaa, uTo lima, = Ou ya %, = oo. Uepes 
Gn OywemM o603HauaTb O6aHaxoBO I Bcex onepatopoB A € Go, AA 


Roropux |Aln = oN) (s Sp ( (A))/ > Tp ‘aes a uepe3s 6} —nognpocr- 
il 


| paHcTBO Gq, ABMAsAIOUIeeca gaMBIKaHHeM B Gn MHOxKecTBa & BCexX KOHETHOMEP- 
imax onepaTopos. Oxa3pipaetca, HPOCTPaHeTBO Sy COCTOHT H3 BCeX ONepaTo- 


poo A € Go, AA KOTOPEIX iim( > Sp (A) y > me) = = 0. O6o3HauHM 4epe3 


‘©, OaHaxoBo MmpoctTpaucTBo Bcex omepatopos A (€@.), Aa KoTopprx |A|, = 


ts foe) 
>) Sz (A) <Coo. B cumy Teopempt | u3 (') MpocrpancTBo ©, aABsaeTCcA co- 


1 
“BpsKeHELIM K oY, a IIpocTpaHcTBo ©_j— COMpAxKeHHIM K Gz. 


5 Ecaim mocieqoBaTeibHocTb {m,} pery Mapua, T.e. > ny, =O {rit,); 
onepatoppt AG Gq xapaKkTepu3yioTca TeM, 4TO s, (A) = O (ct,), a omepa- 
Tops AES) tem, uto s, (A) =0 (a,) (n> 00). B yanbueltmem Oyqem mo- 
‘aaratb, aio, = n-“L (a) (n =1, 2, ;0< * <1), roel (v) (I< Vv <oo)— 
MIOJIOKUTeMbHAA HelpepbisHo Auppe peHitupyemar Mey 1eHHO uaMeHsmioulaaca 
yukuun. Tlocnequui TepMun o3Ha4aet, 4uTo VL’ (v) / L (v) +0, npn v—>oo, 
e3 Tpy4a MpoBepseTca, 4TO TaKad MOCMeOBaTebHOCTb {1,} ABMAeTCA pe- 
yApHOH. 
_ B. WU. Manaes (°) noKa3aq, 4To eCau y BOMbTeppoBa onepaTopa A 
BiAy ies Ot.) (Claxmx< i), To u_ 8s, (Ag) =O(m,), Mpusem ato 
MpelomKenve OcTaeTcA B CHJe, CIM B HEM O 3aM2HHTb Ha 0. 

Oxa3pisaeTca, 4To MpeqmoKenue B. HM. Mayaepa wMeeT MecTO Aa BCex 
Poi = |1), Bomee TOrO, HM2eT MaCcTo: 

Teopema 3. igor A — eo29m2ppo3 onzpamop c Ay EG, 202 GS — 
OHO uz npoonpaucm3 SY, S., Sa. To2I1 Ag GS, npuiem| Ar |lsgQ M|Az\e, 
Oe M:\— Koncmanmi, sa3ucayia mowkoom % (0 < *% < l)ug@yxKyuu L (v). 

Caenctsue. Ecau y 6oron2ppo3a on2panop1z A S,.(Aj) HOUR), 
0 s,(Ag) = O(a,), npuiem M’ sup (s, (As) /%,) < sup (S: (A Rs hn) 
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<M" sup (Sn (Ay) / ttn), ede M’, M" — koncmanmot, saeucaujue monroko om 
u dynxyuu L (v). Ecau sy (Aj) =0 (Mn), Mo U S_ (Ar) = 0 (m,). 
Jloka3atTeJIbcTBO TeopeMbI 3 COJepKUT MHOFO CXOJHOFO C JOKa3AaTeJbCTBO 
TeOpeMbI 2, OJHAKO OHO 3HAYHTEJIbHO CJIO%KHeH. B HEM HCNOMb3yeTCA WATHPOBAH 
Haa Bbile Teopema B. V1. Manaepa, Tox ecTBO (2), TeopeMa THNa TeopeMbI 2 u 
(¢) mw qemmMa, anasormuHas slemMe 1, JVI CieWMaIbHOH CHCTeMbI MpocTpaHcTB 


MosgascKknh dusmast Tloctynusio 
Axanemuu HayK CCCP 20 II 1961 
OjeccKkHi HHKeHEPHO-CTPOHTeJIbHBIN 
HHCTHTYT 


WMTHPOBAHHAA JIMTEPATYPA 


1Y.1l.Toxoepr, MT. Kpewn, WAM, 137, Noo e(196)) =) any Ae Grae 
Buu, VMsp. Brrcumx yueOu. 3sapeg., Matematuka, No 4 (11) (1959). *%U. I. Tox6epr 
M.T. Kpeuu, JAH, 128, Ne 2 (1959). 4M. T. Kpeaiu, JEAH, 130, Ne 2 (1960): 
5B. U Mauaes, JAH, 139, Ne3 (1961), § B. WH Mauaes, JIAH, 132, Ne 32 (1960). 
7M. Cotlar, Revista Matem. Cuyana, 1, Ne 2 (1955). 


¥ 2 
B Hally saMeTky «K TeopHu TpeyroubHbIX MpexcTaBmenuii HeCaMOCONpsAXxKeHHBIX one- 
PpaTopos» (1) BKpamucb cremyiomve oneuaTKH: 


Haneuwatano Caefyer uutTaTb 


Crp. 1034, erpoxa 10 | A |? |Al, p 


in nh n n 
Crp. 1034, crpoka 14 — sup (2 s,(A) X X% sup (2 Ss, (A) FE: *,) 
a\4 1 a \4 1 


Crp. 1036, erpoxa 7 (P—Q)X(P—Q)=0 (P—Q)X(P—Q)=0 
Crp. 1037, crpoxa 9 X€ &,, X ES, 


782 


Jloxxagn Akagemun nayr CCCP 
1961. Tom 139, Ni 4 


MATEMATHKA 
Cc. HW. 3YXOBUUKHN 


HEKOTOPbIE JOMOJIHEHHA K AJIFOPHOMY JVJIA PEWEHWA 
OBOBLIEHHOM 3AA4N JIMHERMHOrO MPOFPAMMHPOBAHHS 


| te (ITpedcmaeaeno axademuxom H. H. Boeoatwboeom 13 [IT 1961) 


1. B (*) moctpoen asmropudM Ayia pemeHua Ciefyiomlel 3aa4n: B n-MepHOM' 
‘KJIMJOBOM MpOCTpaHCcTBe 3aaHbIl S MIOcKocTeli 


Bay = 07 (%) = Oy Et bebe +... +Onjb =0 (GF =1,...,8) (1) 


i 
| hee SAMKHYTHIM MHOrorpaHHHK 2, OMpeyeseHHbI HepaBeHCTBaMU 


| = Oy (x) = Gie&s + one +... +QneSn + ae 0, (R=1,...,m); (2): 


= e * * 
ajo B STOM MHOrorpaHHukKe HaliTtH TOUKy x (E,,..., §) (ONTHMaIbHYy10 TOU- 
y), HanOomee YKIOHAIOWLyIocA OT MockocTeH (1), T. e. Taky1o, 4TO 


min yj (x*) = max min 1; (x). 
1<j<s xEQ 1<j<s 


OTa 3ajlaua paccmatpuBaacb JI. B. KaHtopospnyem (cm. (?), re yKa3ana 
‘uTepatTypa) KaK MaTeMaTHYeCKaA MOJeb OCHOBHOH 3aaun MpOH3BOACTBeH- 
oro nuanupoBanua. B npeaviaraemoli paOoTe OyeT MoKa3aHO, Kak Tp MoMo- 
M ONpaByaBuinx ceOA B CHMIWIeKC-MeTOJe *OpaHOBbIX UCKIOYeHHH (cM. (°)) 
IpOCTHTb 4MCeHHYy!0 CXeMy yKa3aHHOrO aulropHdbMa, MosCOHO TOMY KaK 3TO: 
Jaiocb TpofeiaTb B (*) AIA aropudMa yeObleBCKOrO MpHOHKeHHA He- 
)BMECTHOH CHCTeMbI JIMHeCHHBIX yYpaBHeHHH HM CHCTeEMbI JIMHeEHHbIX HepaBeHCTB. 


2. Bo3bMeM MpOH3BOJIbHYIO TOUKY x (Ei, me E,) € Q uw 3amnuemM CHCTeMBI 
) 4 (2), KoopquHaTbI TOUKH x’ H yKNOHeHHA 
‘ Mh (X'), «ys (%')3 1 (%'), - «+ Sm (%) 
‘Bue ClleLyrouleH TaOMUBI 
clea eae 
Ey Es En 1 
5 n= by; bo; On; 0 nj (x’) 
j -_ oss one Ag, enact (j= 1, ,s, k=l, m), (3) 
ks"), as aaa 
Se = |e Fee + + + Ane % 5,(0) 

‘Tiyers 1), (0) = 0+ = Mp, (4) <0, (4) GFA or 1p.) B82 (4) 82 (4) =. 
Es... (x!) 0, dg (x) >0 (k=: ky, ...,Rp,). Tlonoxus py+ po = p, Sytem 
i, x’ CYHTaTb p-M Roucnem ee TOUKH xX HU OOO3HaNaTb Yepes: 
t .. 60”); yKIOHeHHA (4) -+ =» Np, (x’) HW COOTBeETCTBYIOULHe MIOCKOCTH 
. bu eae HHUMAJbABIMH,a ykKmonenHua Oy, (x’), . = OES. (x’) u Co- 


TCTBYFOllHe MIOCKOCTH — aHHYMHPYwOULHMHCHA, 
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Kak 4B (4), MpOH3BeqeM MOCMeOBATeNbHO warn 2KOPMAHOBLIX HCKJNOY CHF 
© TeMH H3 CTPOK fH, ..., J j-M, Rime, ky, KaK pa3peliaioulHMu, 
KOTOPBIX €CTb KOIXPHALHEHTH!, OTIMUHbIC OT HYIA, MPH OCTABLIMXCA Moce Mp 
TbiILyulax waros §;, 6bepa KaxKUbIM pa3 B KadecTBe pa3pellaioulero HaMOOJIbIIy 
lo aOcOJIOTHOH BeIM4HHe M3 YKa3aHHbIX KOXPPALMeHTOB paccmarpanaei 
CTpOoKH *. 

Tlonycru, 4YTO yalocb MepeOpocHTb HaBepX TAOJIMUbI BCe MHHHMAJIbHB 
n, H Bce aHHYy/Mpyloulueca 3,. Tua yqo6ctBa sanucu OyqeM CYMTaTb, 4 
flo bg = 0 i ee oe ee On, nepectapnenb c &;, | 
Oe C Ep4e TAK, UTO HOBAA TaOmHIa nen BbIrIAeTb Tak: | 


Hh (Xp) Np, (xp) 5, (x)) w - * On (xp) E44 = a tg Eo 1 ‘ (j 
cy Peels 6, wid Ope Spa 4 sos 4 
ete (p) (p) (p) 
Npt-1 a OF pH Mie, I Oy, Prt+1 ick tia boty, Pati? < bn, Pitt ae) Tt (*, 
ak p -( 
Ns aa Byer te oe , , ; re wo Ms apie! BP) > ex) | 
pet eat) ai?) (Pp) 4 
Gott) ott: = Spt > aoe Se Sa py epg Opeees 
é= al?) Aveun oe ae “gi?) -_ _ al?) at?) 13, (xp) 


MpHyeM OTICIbHO CleqyeT BHINHCATh BEIPAKeHHA MWA Sie Gee 
ByeM JBuraTbCA H3 TOUKH Xp, NO NpAMOH, oOOpa30BaHHOu a 


(n — pi + 1)-MepHow OncceKTOpHOH MAOCKOCTH N= =Ns = - =) 
(1 — p.)-MepHoH rpaHu4yHOoH maockoctu 61 = 0, d2=0,...,6,—0 ¥ 
p-MepHoli KoopAMHaTHOH MOcKOCTH Ep41= Epta, Epte = Ente » » - > Sn = FG 
lO Tex Nop, NOKa yKJIOHeHHA OT HIOcKocTeH H, = 0,...,1, = OF yBeuHUMBaAc. 


He CTaHYT PaBHbIMH YKJOHeHHIO OT elle ONHOM WIM HECKOJbKHX H3 MIOCKOCTE 
), = 0, uM Moka TOuKa He Nonager Ha elle ONY WH HECKOAbKO H3 Sys ae 
tiiockoctelt 6, = 0. 

lia sToro nonaraeM 1)= }=.. =, = 4 HO, = 0, =... = 6), — 


‘™M pellaem (s — pi)-+ (m — pe) ypaBHeHHHt C OJHHM HeH3BeECTHLIM y 


=O n+... + On) MIN, (Xp) — OF) n, (Xp) —--.— Bp Ny, (%p)] 
(G= Pp, +4,.--58); ( 
O=annt.  FOhkn + [8e (%p) — al Nh (Xp) —- - - — pe Ny, (Xp)] 
(k = po Hc]. eee ema) 


M3 KOTOPBIX HaXOJMM HaHMeHbillee pellenue yj = 4!?F, Ooubutee uem 7?) 

= 11 (x,). BooOuje ono AocTuraeTcH HeCKObKMMU ypaBHeHuamu u3 (5). Ty 
yHoOcTBa 3aHCH MOJOXKHM, YTO STHMH YpaBHeHHAMM ABJIAIOTCH MepBble | 
YpaBHeHHH W3 MepBol 4YacTH CHCTeMbI (5) H NepBble fz ypaBHeHHH U3 BTOpC 
yacTH STO CHCcTeMbI. O6o3Ha4uMM fi + f2 = ¢t. Torga aaa HoBoro (p + ?)- 
MpHOMHKEHHA Xpi4 OyMeT 


ta (Spe) =< = Moet (pet) <M(Xon) >a +h); | 


8s (tops) = ++» = Sorte (Xp4t) =0, Se (Xpp1) >0 (k> potty). — | 


IIpouece nepeOpacbisanuA HaBepX MMHUMAJIbHEIX yKJIOHeHH yy H ann 


MP HOMi Ng 6, MpofouKaeM JO: Tex nop, MOKa 9TO BO3MOXKHO, T. €. MOKA 


* B kKav2crB2 pa3panao2ro MOOKHO 6paTb m060% OTANUHEE OF HyNA H3 ) ykanaamnrx 
aPpau4exTos; aTO MOMKeT NOBIHATD AMUIh Ha CKOpOCTb Mpouecca. 
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aHYTCA JIMUIb TAKHe CTPOKH C MUHHMAJIbHbIM YKJIOHeHHeM WIM aHHYJUpyio- 
ecH, Y KOTOPLIX Bce KOSPPuUHeHTHI Mpu. ocTaBuiMxca € paBHbI HY, WK 
Ka HABepXy TaOMMUbI He OCTaHeTCA HH OfHOrO &;. EcIM paBHbl HyJIO BCe CBO- 
| a WJIeHbI B OCTABUIMXCH CTpOKaX C MHHHMMAJIbHLIM H aHHYJIMpYyIOuluMca 
KJIOHCHHeM, TO MpOfOJKaeM MIpolecc C TOUKOM Xp4¢ TAK, KaK C TOUKOH Xp. 
WIM %Ke CBOOOANbIN YWieH XOTA Obl ONHOH H3 STHX MHHMMAJIBHBIX WIM AHHYJIH- 
HOULMXCA CTPOK OTJIMYECH OT HYIA, TO HEBO3MOXKHO, ABHradch U3 Hee H HAXOJACb 
TpaHuwyHpix Mmiockoctax 61 = 0,..., 6,14, = 0, yBemmuuTb BCe MHHUMAJIb- 
Ie YKJIOHCHUA C COXPaHeEHHeM HX PaBeHCTBa MexKy coOoli. Touky x4; Ha- 
BEM CTallMoHapHOH. 

F 3. Ilyctb x, — cTauMonapHaa TouKa. Jia yqoOcTBa sanucn nosoxKUM, 4TO 
WHUMAJIbHBIMM SABJIAIOTCA YKJIOHCHHA M1 (Xq),. ~~, No, (Xq), A AHHYMUpyro- 
(mucsa — ykKnonenua 61 (x,),... , Og, (X%q), THe gi + qz = gq, M 4TO HaBepx 
[asloch MepeOpocuTb MepBble 71 H3 MHHHMAJIbHBIX YKJOHeHHM H MepBble fe 
8 aHHyMpyrolujuxca. OOo3sHauHM 71 + r2 = r. Ilonyyennaa Ta6auna uMeeT 
ya cAeyIouWlunH BHI: 


¥, 96, ae PUA OP eg 0 Co) a ae 

h mh rat hr. oT Or ek Pgh ae (a 

| ea 
| i a ile ie al mr eed eat Qe ee ee eg tees Oe 
y . . . . . . . . . . . . . . . . . . . . . . . . - . . . . . . . . =) e : q 
| Stet epee a leaner ae a Gee eee art ae) 
B (q) (q) (q) (7) (q) 

Beers einem Fe ere Atm Oratt Ortimti + On, att Ogres | Nata %q) 
J Ae, Ch. Cae: . . . . . . . . . . . . . se . nt Wer 147 bs . . . . ete: ie . . eae’ 
% 

‘a os ( 

Gy Sa OM Gans ee (Rennes) 
| ee ae 

(q) (9) (9) ; 
fh = 0 Ra Si REC, | 0 OF fy OG aa 1 Or oy (ee) 
= EE Bilis onnten ys ues: x2! }aadokekoabhl Soke 
6, ee Root ss + Ore 0 2 0 a; 8, (x4) 

ig (9) (9) (9) (q) (q) 

fa = Bement) Or Ory gent Srey geen Saeed | Supt Oy) 
si eens . . . . . . . . . . Me arte . : e . . . . . . . . - . . ey : . 
ee, = a‘? SASS) BE ee Le ees a‘) as m Ss Shs aff) a‘d) eZ (X,) 

ite 


aa 
' Pe6OpoM pa3mMepHocTtH n —r OyJleM B paccMaTpHBaeMOl 3ajaue Hasbl- 
aTb JIMHEHHOe MHOTOOOpa3sHe, yAOBJeTBOpsAIOllee * YpaBHCHHAM, KOTOpbIe MO- 
MM, IIpHpaBHAB HYJ0 Jo0Oble ¢ JIMHeEHHO He3aBHCHMbIX H3 MHHMMA@JIbHbIX 1; 
aHHYyIHpyroumuxca Op. XapakTepuHcTHUKOH peOpa OyJemM HasbIBaTb 
MMy 4MCJIa WwIOCKOCTeH U3 MHHHMAJIbHHX M aHHYJIMpyIOulAXxca, Mpoxo,Aulux 
»pes paccmMaTpuBaemoe peOpo, MWl10c YHCIO MHHHMAJIbHbIX IJIOCKOCTeH, OTJe- 
MIOULMX CTAIMOHAPHYIO TOUKY Xq OT peOpa, Moc 4HCIO AaHHYJMpyrouluxcs 
MOCKOCTeH, KOTOpbIe OTZeNAIOT peOpo oT oGnacTu 2, ecm YH, (Xq) > 0, H He 
lena1oT peOpo oT 2, ecu yy (X%q) < 0. | 
sXapaktepuctuka peOpa n, = 0,..., 7, = 0, 6, =0,...,6,,= 0, 06- 
A30BaHHOrO MHHUMAJIbHLIMH MW AHHYJIMPYIOWIMMHCA IJIOCKOCTAMM, OKa3aBIIIH- 
ACA HABepXy (3TH MMOCKOCTH, OYeBHAHO, JHHEHHO He3aBHCHMBbI), MOCUMTEI- 
leTcH cpa3y. Ita xapakTepucTuKa paBHa UHCI 7 TOC YNCJIO He NepeOpouten- 
sIX HABeEpX MHHHMAJIbHBIX HM AHHYJHPYIOWMXCA MVIOCKOCTeH, CBOOOJHHIC WIeHbI 
TOPLIX PaBHbI HYJIIO, TJIOC YHCJIO He MepeOpOuleHHbIX HaBepX MHHMMAJIbHBIX 


WIOHKEH 3HAKY 1; (Xz). 

-Ecau 9Ta xapaKTepucTuKa paBHa q, T. €. ABJIS€TCA M@KCHMA@JIbHOH, Tak 
tO CpeIM He NepeOpouleHHbIX HaBepX MHHHMAJIbHBIX H AHHYJIMpPYyIOWNXcH MOC- 
OcTeii HET CBOOOJHHIX WIeCHOB TOTO %Ke 3HaKa, ATO HU YH, (X_), TO WBuraeMcaA U3 
fallMOHAPHOM TOUKH X,B CTOPOHY YBeJIMYeHUA MHMHUMAJIbDHBIX YKJIOHeEHHH JO 
sKOTOPOH Apyrok crauMoHapHon TouKH. Ja sToro NomaraeM Hy =... =-,=7 
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uo, =... = 6,, = 0M pelliaem ypaBHeHHA 


n= by os I day tg) — O19) M1 (x4) — — 1) y, (Xa) 
G=a+1, . Spee) 

(OS ane = sitet Na [Og (Xe) — GVA (Xa) ee aay ue (Xq)I 
(k= ao qe a lige ~ mm), 


3 KOTOPbIX, KaK MW paHbile B Warax Jo Noy4enua A TOUKH, Hal 
XCRUM HaHMeHblee pemleHHe ) = H4+, Combulee yem 1%) = 1, (XQ). 

Ecan xe 9Ta XapaKTepHCTHKa OKa3aJlaCb MCHbUIe YEM J, TO BbIUHCJIAEM Xé 
pakTepucTHKH peOep, COpas0BaHHbIX KaKMMH-HHOyb rf — | nocKOcTHMM HM 
MHHMM@JIbHbIX M A@HHYJIMPYIOULHXCA, OKA3aBIUMXCH HaBepXy, H KaKOH-HHOYI 
OMHOM M3 TaKMX MOcKCcTel, H€ OKa3aBleHCcA HaBepxXy, HO y KOTOpOH cBCOOJ 
Hbiii WICH OTMM4EH OT HysIa. B3aB NepBylo, HaNpHMep, H3 TaKUX CTPOK, NpOHusBe 
MUM OJMH War *KOpaHoOBa UCKJIOUCHHA C PasPelAIOLWMM 3JIEMEHTOM U3 KOS@ey 
UHeHTOB 3TOM CTPOKM HU, KaK MOKA3aHO Bille, IPOBepAeM, PaBHa JIM g Xapa 
TepHcCTHKa peOpa, OOpas0BaHHOrO * MHHUMAJIbHbIMK UW AHHYJIMPYIOULMMUCA IOC 
KOCTAMH, OKa3aBLIMMUCA y2Ke HaBepxy Ta6mHubI. Kak u B (*), 3TOT OMHH ma 


*KOPJaHOBa HUCKJIOUVEHHA HAO MposenaTb He CO BCel TaGMMWeH, a JMIUIb CO CBC 
6OHbIMH UWIeHaMU MHHMMAJIbHbIX HW AHHYJIMpYy!IOWIMXCA CTPOK (FOcTaTOUHO oMpéE 
JI@IMTb JIMUIb UX 3HakH). Eciw XapakTepHcTHKa pacCMaTpHBaeMOrO peOpa OK 
3aylacb MeHbile g, TO WeaeM HOBbIH War %KOPaHOBa HCKJIIOUCHHA, B3AB B Ké 
yecTBe pa3pellaroulero KaKOH-HHOyAb ApyroH KoOsPUUNeHT STOH CTPOKH, | 
MmpoloumKaem Mpouecce 0 TeX Nop, NWoKa He COHapy2KHM pebpa c XapaKkTepucTy 
KOH, paBHOli g (O6pa3s0BaHHOrO C MOMOLLbIO ITOH CTPOKH (MOCcKOCTH) HIM Ap 
rol aHamOrMuHOH), WH MOKa He yCTaHOBHM, uTO BCe (f — r)-MepHBIe pepe 
OOpasOBaHHble U3 HallIMX g MJIOCKOCTeH, MMEIOT XAPAKTEPHCTHKY, MeCHbIIIy10 4e| 
g. B nepBoM ciyuae [BHraeMcA OT 3TOFO peOpa (HH K 9TOMY peOpy) c MakcH 
MaJIbHOH XapaKTepHCTHKOH TaK, KaK yKa3aHO Bbille. Bo BTOpOM clyyae MOKH 
MOKa3aTb, Kak H B (°), YTO TOUKA X¥, — ONTHMasIbHas, H Mporecc 3akonyeH. BI 
BCAKOM CJlyuae, MOce KOHeYHOrO YHCa WaroB NMpHAeM O6A3aTebHO K onty 
MaJIbHOH TOUKe. 

4,.3ameuauue. B cayuae, Kora B HallleM pacilopsKeHHH HeT «JIC 
nycTuMmoiy Touku x’ (§),..., §) € Q, Hao Wa ee OTbICKaHHA NpesBapuTedE 
HO pelUHTb CHCTeMy HepaBeHcTB (2), HalipuMep, auropHdMom (*). Bnpouew 
MOXKHO IIPHMCHUTb H aJIFOpHdM HAaCTOSILeH CTATHH: JIA 9TOTO GepeM MpOH3BOJE 
Hyl0 TouKy x’ (&,...,§,) u mogcrapasaem B (2). Ecau Bce 6, (x’) HeoTpund 
TeIbHBI, TO TouKa x’ (§,...,§,) — Monycrumaa. Ecmu me cpenu Oy (x 
eCTb OTPHUaTeJIbHbIe, TO IPHMeCHACM HAL aJIrOopHdM, MpHyeM poOJIb MocKocTe 
(1) urpaior Te muiockocTu 6, (x) = 0, Aaa KoToppIx 6, (x') <0, a pomb Hepa 
B€HCTB (2) — ocTaJIbHbie HepaBeHCTBA. 


KuesckHit TeXHOJIOTHYeCKHH MHCTHTYT Tlocrynuuo 
MHULeBOH MpOMbILMIJIeHHOCTH 12 III 1961 


WHMTHPOBAHHAS JIMTEPATYPA 
1¢.U 3yxosunKkunh, TAH, 133, Nel (1960) 7? JI. Bo Kanto OpoOBH4 
OKOHOMHUeCKHH pacueT Hanslyumero HCnOMbD30BaHHA pecypcos, I Q5OU” =e eer Otten tem 


Numer. Math , 2 (1960). *C. HW. 3yxoBpuuk nit, JAH, 139, Ne 3 (1961). 2 C M.S 
XOBHUKH HK, Matrem. cOopx, 33 (5), Betz (1953): 
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Toraagn Akagemun nayk CCCP 
1961. Tom 139, Ne 4 


MATEMATHKA 


A. A. SbIKOB 


_ PEBEPHO-BEPIIHMHHbBIE ®YHKUHH HW PACTIPEXEJIMTEJIDHBIE 
CBOHCTBA TPA®OB 


(I]peccmaeneno axademuxom C. JI. Co6oaeeom 16 III 1961) 


i. Mt uccJlehyeM 3fecb peOepHO-BeplHHHyIoO dyHKunio MP (L) yacTHoroe 
BYJla *, TeCHO CBAZAHHYIO C paclipeseHTebHBIMH (XPOMATHUeCKHMH) CBOLICTBA- 
MH rpaqdos. 

Ilyctp L — IIPOHSBOJIBHBIM HellycToH rpad; ab — kaKoe-HuOyb peopo L; 
va — rpad, Tloury ¥aeMbIii us L yyanennem peOpa ab (6e3 yAaJleH Hs BeplIHH); 
-6 — rpad, monyuaempii uz L yfasienvem peOpa ab u 3aMeHOl BeplivH a uO 
JAHOK BepWIHHOH, CMexKHOM C TeEMH M3 OCTAJIbHBIX BepliMH L, KOTOpbIe Obi 
M@X%KHbI XOTA Obl Cc OMHOM H3 BepwunMH a, b; Ly—rpad, nonyyaempli u3 L 
ViaseHwem peOpa ab wu 3aMeHOH BepliHH a u Db OHO, cMexKHOM C TeMH He 
OCTaJIbHBIX BepuiMH L, KOTOpble ObIIH CMeXKHbI Cc OOCHMH BepinHamH a, D. 
| Tlyerb, ganee, K — kombuo (nonayamty cBo6ogHOe), MopoxeHHoe 2ve- 
Mentamu a, B, y ue (enuHuna); © (L) — dynKunsa oT rpados, NpHHuMaroulaa 
jHavenua B K n yfoBsmeTBOpsiollad yCJIOBUAM 


DO (L) = a (L,) +P Le) + 7P (L,) + 2; (1) 
OG wi Opniin Oly 1) & (2) 


me E,, — mycTo (Ge3peOepubii) n-BeplwImMHHbIit agi 

_ Hakonen, nycTb © o3HauaeT HEOOXOAUMOe H OCTATOUHOe yCJIOBHe, Mp KOo- 
fOpoM dyHkuua MY onpezensetcsa u3 (1) u (2) ofHO3HAUHO HW TIPHHUMAeT OJMHAKO- 
ble 3HAYCHHA Ha MOYTH H3SOMOPCHbIX (T. €. HSOMOP@HBIX C TOUHOCTHIO JO HadH- 
(Wt MSOMMPOBAHHEIX BeplIHH) rpadbax; KOJIbIIO, NoJyyaemoe u3 K HawoxwKeHueM 
fooTHOMIeHHH © Ha OOpasyrollue o, B, ¥, €, Mbl MO-lIpexkHemy OOo03Ha¥aeM. 
lepes K. 

_ Meroquxa spiBoja 2 B ABHOL cbopMe u uCcce_OBaHUA d@ynHKnH , onpexe- 
IneMoH w3 (1) u (2) NpH ycnoBun 2, Takad *%Ke, KaK B CJlyWaAX BePIWIHHHbIX 
dyHkuun (*) nu peOepHbIx PyHKuHh (°). YKaKEM 3][eCb TOJIbKO OCHOBHEI€ BEXH. 
2. Ycnosue 2 MoxKeT ObITh BLIPAXKeHO CHCTEMOH COOTHOIMeEHHH 


(@ —e) y =0; (31) 
FY (a -- 8 =e) = @; (32) 

: Bia 0; (33) 
(af — Ba) a (ao +8) = 0; (34) 
: (a8 — Bx) B" (x +B) = 0; (3s) 
(a —e) att B (a +B) = 0; (36). 

4 (a — e) oB"+1 (a +) = 0; (37) 
1 (w —e) a (% + B) = 0; (38): 

vy (a —e) BX (a +f) = 0; (34) 

; yan (2 +f) = 0, (310) 
y/ BPE Goch Be, (311) 


BEE 187 


Jina BerBoga (31), (32), (33), (3s), (37) HM (811), B MpeqMonowKenun OHO3SHAaY- 
HocTH @ MbI CpaBHUBaeM pe3yJIbTaTLI AByKpaTHoro MpHMeHenuA (1) K cooT- 
BeTCTBeHHbIM rpacam puc. 1, mpHyeM NepBblit pesybTaT MOMyuaetca, eciM 
npuMeuntTb (1) cHayasa K peOpy ac, MOTOM (rye STO BOSMOXKHO) K peOpy be (uM 
bd), a BTOpoH — ecu HayaTb c bc (uu bd); B Mpomecce BLIBOJa KaxKOrO us 
9TUX WeCTH COOTHOWeHHH HCHOMb3Y!OTCA MpesLiyuine. OctambHble NATb COOT- 
HOWeHHH (3) MOodyyaoTCA Kak 4uCTO alreOpanyecKne CJleqCTBHA”. 

Jia JOKa3aTebcTBa JOCTaTOUHOCTH ycuIOBUH (3) CHaYaa NOKa3HIBaeM, 4TO 
© HX MOMOMI[bIO OOllee BLIPAKeHHe MD (L) NpHBOAUTCA K BULY 


® (L) = [fz (@) +, (8):+ ah, (B)) (@ +8) +49, (1) +2, (4) 


rae f,, 2. 4, 9, — MHOTOWIeHE C We/LIMA HeEOTPHUaTebHbIMH KoOoppannex- 
Tamu, Mpuyem g, (0) =A, (0) = q, (0) = 0; 3aTem oKa3bIBaeM OHO3HAY- 
HocTb ®, paccmMaTpuBasd Tp CAyyaAd B3aHMHOTO pacioNoKeHHA Mapbt pedep 


ac u bc (uu bd) B Mpou3sBOMbHOM rpade (puc. 2), IpHMenaAa HHAYKUMIO 10 4HC- 
my peOep rpaca’m ucnomb3syA elle pas CooTHOMeHNs (3), 

3. UroObl BLIXCHUTb CMBbICA KosppunnenTos B f, (ip), MooKHM BP = ¥ = 0; 
Ip 9TOM Bce COOTHOWeHHA (3) OYAyT BEINOMHEHBI, a OOpasyioulNi SIeMeHT a 
octanetca cBo6ogHbIM. PaBencrtso (4) mpumet Buy ® (L) = af, (a) +e, a ypas- 
Henne (1) —Bug | © (L) =ao® (L,) +e, orkyga nonyyaetca: fy, (a) = 
= oMe(L)—2 4. gte(L)—3 +... a-+e, rye dz (L) — ancno pedep rpapa L. 

4. Ecnu o& = ¥ = 0, To (3) Bemonnatotca, a B ocTaeTca cBOGOJHBIM; aHa- 
JOTMUHO TIpebyueMy nmosyyaem: 


gr () = BPE2 + PRD-8 + +B, 


me B(L) = dz (L) —/(L) = d, (L) — x (L) — 4ucao nocneqoBaTenbHBIX CTA- 
rupanHit peOep (onepauu Tuna L —>Lg), npespamjaiomux L B mycrohu rpa; 
/ (L) — uuknomatuyeckoe uncso; di (L) — uncao Bepmuy; % (L) — 4ucao KoM- 
MOHeEHT CBA3HOCTH rpada L. 

5. IIpua =e, y = 0 ycnosua (3) BrInomHsoTca, aB ocTaeTca CBOOOHEIM. 
Ypapuenue (1) npHuumaeT Buy 


OL) = O(L,) + POs) +e, (1’) 


oTKy Ja 
® (L) = Dy be (L) B*, 
rye % 
by (L) = bg (La) + Oe (Lp), k= 1, 2,. ..; (5) 
by (L) = bp (La) + 1. (6) 


Yoon pacuupposath bz (L), o603Ha4uM Yepes pj (L) uNcHO TaKkux peGep- 
HEIX Nogrpapos M rpara L (rT. e. rpatbos, momyyaemprx u3 L yqanenvem Heko- 
TOpbIxX peOep Cc MOCMeyIOWUM yaleHHeM HM30JIMPOBaHHbIX BeplwHH), JIA KO 
__ * Mbl noxepTBoBpaM HesaBHCHMOCTHIO COOTHOMeHH (3) pad TexHM4ecKoro yaoOcTBa mpe- 
o6pasopanuii (KOTOpHIe 3eCb omyieHsl). 
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Topwx d2(M) = j, £(M) = i. Tyctb, ganee,t — yMcNO TpeyroMbHUKOB rpa- 
‘ba L, coxep»xamtux pe6po ab, a pe (Ls) — uncno Tex peOepHbIx nogrpacos 
(e aucsiom peGep jf 4 WHKJOMaTHYecKHM UNCJOM f) rpaca Lg, B COCcTaB_ KOTOpbIXx 
BxoguT ¢ peOep U3 YNCa T pe6ep, NomyuaroulNxcA B pesyJIbTaTe CTATMBaHHA 
TpeyrobHHKOB TpH onepalun L->Lg. Tora 


pu(L) = pu(La)+ dy Cr4e-2°+pitr—au—r(Le), 


r-+s<t 
orkyya 

D>) (—1) peeetis (L) = 

i>0 

= D(H 1) ppt (La) + Di (1k DL Crys 2° pitt rine (Le); 
i>0 a ey 
HO 
| SL CDED, a 2 wt Vea 
ri i>0 r+sqt 
P a5 t ? 
=P CH Dt (—1)'pi4-ettscits(Le) = 
t=0 s=0 s>0 
¥ cd , 
. = Sy chy 1 plas (Le) = 
‘ : t=0 s=0 j>0 
v t ; 

\, eePlD; (—1)°* Ce 2° |S) (1) Ph te (Le) = 


t=0 s=0 j>0 


5 => CY Pes (Le) = (1) Dd) rise. (Le) = Sy (1) pye.s (Le) *. 

q t=0 j/>0 ; i>0 t=0 j>0 

| Cyefopatenbuo, ecin o6o03HaqHTb 6, (L) = >} (—1) pitetiz(L), To Oyfem 
7>0 

umeTb bz (L)= bs (Pe) ee pes (a), ole tad, 2a; KpOMea('] TORO, bo (L)= 

Pio (L) = da (L), oTKyma 

S bo (L) = 60 (La) + 1. 


¥ 
‘A tak Kak cooTEcmenna (5) u (6) onpezensioT BemnuuHB by (L) np Jannom L 
‘onnosHauHo, TO bz (L) = by (L), T. e. 


' ere, kt, 7) 
a i>0 
Vs (7) w us papenctga (4) npu a = e, y = O mouyyaem 
DD A). B*—e | 
eg. dB) xaplde (Lad 
t (B) i e 5 8 2L ( 2 4 


}. 

- 6. Npna =e, f = O ycnopna (3) BbINOMHsIOTCA, a Y OCTAeTCA CBOOOJHbIM. 

Ypasnenve (1) npuuumaeT Bug | 
® (L) = O (La) + yP Ly) +e, (1") 

‘oTkyyja c yueTom (4) 

qu(r) = 2) ae (L) 1% (8) 

k>1 
f e gy (L) — aucno Taxux peCepHbix nozrpa¢os M rpada L, y KoTOphix Bce 
KOMMOHEHTHI CBA3HOCTH SBASIOTCH NOMHEIMH rpadamu u Jia KoTOpLIX B (M) = 


* TIpw 3amMenHe HHAeKCa CyMMHpOBaHHs i Ha j MBI BOCIIO/b3OBA/INCb TEM, 4TO P j + k, j = 0 
mw | <a0! j 
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=k + 1. Qro npopepsetea nogctanoBKoH (8) B.(1”) H MoqcueToM nog_rpapos 
ykasaHuHoro Bua BL, L, u Ly. . | 

7. Ilyets rz (L) — uncno k-pacnpegetenui rpapa L (k = 1,2,...). Kay 
uspectuo (('), ra. 2, §§ 3—4 u (*), § 9), pacnpeqenutTeIbHEI MHOrodeH 


R(L) = >) re (L) 24 9) 
R>1 
VYAOBMETBOPHeET YCJIOBHAM | 
R (L) = R (£2) — R (Lp), | (10; 
kon 
Rig) = A“O FAs Wal les |) RON AE (11 


po Me! 


A*0"/k! — Kosppunnent mpu 2!) = z(z— l).. 4 
.(2z—k +1) B pa3noxKenuu 2* No O606mleH4 


a ae Pe RE ee . 
ae a, a HBIM cTemeHam z, Ec NowOKUT 
Xe 
C C (ge Nil ba 
R(L) = >, re (L) gy, (12 


R>1 


Pues 2 
to R(L) OygeT yRoBuerBopsTb ypaBHenmio (10) mH HayabHBIM ycCOBHAM 
3 o( yy ARot «) Wy 
R (EA) SSN = Bl Yy : ( ) 
k>0 | 


Tlonb3yscb (5) u (6), MOx*KHO HelocpeAcTBeHHO MpoBepnTb, 4TO PyHKWAA| 
® (L) = Dy (1) dpa (L) y-* 
k>0 
(rye b_, (L) = 1) yaoBnerBopset ypaBHeHHio (10) H Ha¥abHbIM YyCJOBHAM 
(11); cneqopatembuHo, 
R(L) = @(L) = 2 (=) bp (L) yO—#, 
k>0 

WM MbI MouwyyaeM ABHOe BbIpaxKeHve WIA YHCMa m-pacnpefenenui rpada L:| 


oN m yjds(L)—& kit mpd,(L)—k 
Fn) = 2i(=1)' 22 ) = Da 
k>0 ; {0 k>0 ¢ | 
Muoroustex ) 
R(L) = 2) (Ay baa (Lp y* = YD (HD appr r(L) ge, 

R>0 i>0 k>0 
MOXKHO MpeocOpasoBaTb K BUHAY 

R(L) = Dy (—1)s49 po, (13) 


M 
Tae CyMMHpOBaHue BeeTcA Mo BceM rpaham M, noayyaempm uz L yqasenueM 
HeKOTOpPbIX peOep (6e3 yaleHua Bepummu). IIpu y = m Benwunna R (L), Kak 
cenyeT “3 (12), Bipaxkaer uncno P (L, m) Takux m-pacKpauuBanni L, mpu 
KOTOPBIX HCMOJIb3yIOTCA He OOA3ATeJIbHO BCe Mm KDACOK MH pacKpalliMBaHHsA, 
OTAMYAIOULMeECA TepeCTaHOBKOH I[BeTOB, CUHTAIOTCA pa3HbIMH; OTCIOWa H U3 (13) 
\ 
BbITeKaeT (opmyuia P (L, m) = 2 (— D&M ms), BoweqenHan B (®) Apyrum 
M 
‘¢moco60m (cM. Tak»xe (°). 
A Wucrutyt matemaTHkH Tlocrynuvio 
CuOupcKoro oTyeneHua AKayemuu HavK CCCP 15 X 1960 


P UHTHPOBAHHAA JIMTEPATYPA 
A. A. 3u1K0B, Matem cOopH., 24 No 2 (1949). 2A. A.3 bt Ko.B, 3B. Cu6upex. 
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* A. A. 3 ui kos, M38 Cu6upck org AH CCCP, Ne 12 (1960) 5 H.Whitney, Ann 
Math., 33, 688 (1932). *W.T. T wi te, Ganad J. Math, 6, Ne 1 (1954). 
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F orrzane Akayemun nayr CCCP 
1961. Tom 139, Ne 4 


MATEMATHKA 
M. C. HOXBH OB 


PEPYJISPHbBIE HW MPOEKUWOHHO NOJIHbBIE JIMHEAJIbI 
B TiPOCTPAHCTBAX C OBLIEH S3PMHTOBO-BYJIMVHEHHON 
METPHKOHU 


(II pzdcmaea2Ho axad2mukom JI. C. Tloxympseuneim 21 III 1961) 


_ 1. Paccmorpum OeCKOHEYHOMEPHY10 KOMIWJI€KCHYIO JIMHeEHHY!IO CHCTeMy (tIpo- 
“TpaHcTBoO) ©, B KOTOPOli 3ayjaH 2PMUTOB OuMHeMHbIA dyHKWHoHaN G (x, y) = 
= lx, y] uau, coxpamlenHo, G-MetTpuka. IlockompKy 9Ta G-Metpuka, 
sooOule TOBOpA, HH Le P@uUHUTHA, BeKTOph! X€E MoryT ObITb TO J O- 
HUTC€MbHBIMU, HY AeEBLMH HOTPHUAaATeAbHEMH ([x, x]ZO 
SOOTBETCTBEHHO, x = 0). JInHean L (C €) Ha30BeM “OM OKUTEABHEM 
OTpPpUMmaTe AbH HIM), CCAM BCe OTMMUHDIe OT HYIA BeKTOpbl x62 Novwo- 
KUTeCJIbHBI (OTPHIATeIbHbI). [lomoxKHTeIbHbIC H OTPHUaTebHbIe JIMHeaJIbl Ha- 
BbBIBAIOTCA ME DUHHUTHBMH. 
_ Ilyctp 2 — HekotToppiit auHean u3 €, a y,€E. Bextop x) € L Ha3spiBaeTcs 
G-npoeknueh BekTopa yua &, ecan [x, yo — xo] = 0 qua Bcex 
KEL (7. e. BeKTOp yo — xX, «G- oOpToroHagseH aa). 
Bonpoc o cyiecTBOoBaHHH G-npoekWHMi u3y4aJicA B MMTepatype ('~*) quis 
foro uacTHoro cilyyas, Korma € = §H ecTb rubOepTOBO MpocTpaHcTBO CO CKa- 


| 
MApPHbIM MpousBeyenuem (x, y) (x, yEH), a G-MeTpuHkKa 3agjaeTca Cc MOMOLLbIO 


po pMbI 
Poe (Uy (x, Sy) 


‘me G — orpaHHueHHbiii 3pMUTOB * ONepaTop B § (TaK Ha3bIBaeMbIi OT € p a- 
Top Tpama gdopmps [x,y] B § (*)). Eme panbuie (u, mo-BuquMomy, 
anepBble) G-mpoekuwu Opiiu u3yyenbt JI. C. Tourparuupi (*) aaa cryyan, 
@ria G=/P+— P-, rye Pt, Po — OPTOMpoeKTOpbI B SRV REPS OP ip == 0! 
eo + P-= 7 w min (dim Pt$, dim P-) = x < oo. B pa6otax (°, *) mpo- 
erpaHcTBo c TaKOM G-MeTpukKoOH OGo3Hayawocb I],. Oro cHMBOMKH MbI OyeM 
TIpuepxKUBaTbCH M 3]l2cb. 

[Bo Bcex yMoMsAHyTbIxX paGoTax Ha MuHean & Hanaranocb ecTecTBeHHOe Tpe- 
OopaHvwe 34MKHYTOCTH MO HOpMe 


; = G0 (x68), 

T.e. 2 aBliaichH TMORNpOcTpaHCTBOM TuxibOepToBa MpocTpaHcTBa 
. C TOMOU{biO TaK Ha3bIBAeMOrO KaHOHHYeCKOFO pa3/IOXKeHUA MoOLMpocTpau- 

ietsa & (1, 2) Bompoc o G-MpoeKTHpoBaHHN Ha MpOH3BO/bHOe NOAMpOCTpaHcTBO 

icBONUJICH K G-IIpOeKTHPOBaHHIO Ha JlepuHHTHbIe MOAMpOCTpaHcTsBa. 

B oOuleM culy4ae, T. e. QA MPOH3BOJIbHOH JIMHeEMHOH CHCTeMbI €, He CHaO- 
KEHHOH HHKAKOM TOMOMOrvel, MeTObI, HCMOJIb30BaHHbIe B ('~*), CTAHOBATCH 
HelpHMeHHMBIMH, JaxKe eCAM OFpaHHuHTbCa G-MpOeKTHPOBaHHeM TOJIbKO Ha 
JedunuTuble WnHeamb. Mex yy Tem Moq06HAaA 3aja4a B NocMeqHee BPeMA HEOJHO- 
KpaTHO BCTpeyalacb B psAye paOoT MO KBaHTOBOH TeOpHH MOJIA (CM., HallpHMep, 
(, *)). Hacrosee coo6ujenve NocBalleHO peuleHulo 9TOM 3aqa4H UM HeKOTOPbIM 
MPHMbIKaIollMM K Heli BOTIpocam. 


* B pa6ste (°) G — mpon3BOuIbHbI OrpaHHUeHHbIt OnepaTop 
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9. slyeth 2 (CG) — AeuHUTHEIH muHean, a.y—HeKOTOpPHIH BekTop u3 €. Pa 
CMOTPHM suHeliny1o PopMy (pyHKunOHAaN) fy (x)=[x, y]. Ecaus 2 ppectu HopM 


|xl=| fe x1[" (x€9), 

TO 110 OTHOLeHHIO K Heli PyHkKuMoHa fy (x) MOXKET OKA3ZATbCA HEMpepbIBHbI 
(orpaHH4eHHEIM) HIM pasppiBHEM. Ecam qua 100 OF oO BexTopa y€ hyHK 
unonan /, (x) HempepbiBeH oTHOcHTembHO |x| (xEL), TO auHean @ HasoBe 
peryaxpHbim. Econ xe Qa HeKoTOporo Yo € € dyHkuvonar fy, (x 
paspbIBeH OTHOCHTeMbHO |x|, TO MHHeam L HasOBeEM CHHT YT APHELM 

Teopema 1. [Tycmo 8 (Cc ©) — de@unumnoi aunean, a yo€&. An 
rilozeo amobor d@ynkyuonan fy, (x) = 1x, yol Ola oepanuxenneim omHocumenbH 
nopmot |x|, (x EQ), neobxodumo u Oocmamo4uno, 4mo€ ot 


ih — Yo, X — Yo] =M (Yo) > — ~, (L 
ecau AunHeaa & nonoocumeneH, U 
sup [x — yo, x — yol = M (yo) < + ©, an! 
xEL : 


ecau AUHeaA L ompuyameren. 
Takum o6pasom, Oecbunumuout aunean & peeyaaper mozda u monoko mozda, 


| 


Koeda ycaogue (1) (coomeemcmeenno (1’)) ebinoAHeNO OAA BCeX Yo EE. | 


Jipyroti kpuTepuH peryiApHocTH jedunHATHOrO sMHeama ccpopmytupyen 


B TepMHHaX CHHrYJApPHEX sHHeanoB, .Hasopem G-mMeTpHKy 
[x,y] HeBLpoxWeHHOH Ha AUHEeAaNe L, ecIM M3 paBeHcTBa 
[xo, y] =0, cnpaBeqmuBoro AA HeKOTOporo x,» € 2 nu seex yE X, caenyer 


xo = 0. B npotuBHom cayyae (Xo = 0) ropopsT, uro G-meTpHkKa B hI p OX JI a- 
eTcH Ha L,a x0 ‘Ha3bIBalOT HZ3OTPOMHHM BEKTOPOM AHH Ea- 
areas 2) 

Teopema 2. Iycme & — dedurnumnoii auneaa 6 npocmpancmee & 
c Heebipoocdennott G-mempuxot. JIza mozo umobu aunean & Oona cuHeyAApHoM, 
HeoOxo0umMO u Oocmamo4Ho, umoto & C &, C &, ede ©, — aunetinaa cucmema, 
donycKarowjan nonorxeHue (cm. (°), meopema 1.4) 0o npocmpaxcmea Ili, nocaze 


Komopoeo sameikanue & ruxeaaa 2 no Hopme npocmpancmea I, codepscum uso- 


mponnole (6 &) eexmopot. 
B padote (§) A. YapMaH MCXOZMT H3 NPeqNoONOKeHUA, ITO B CyYae TO I- 


HOTH gedunuTHoro smHeana & oTHocuTenbHO Hopmer |x| =| {x, x] [“ 
(x € 2) asTOT WHHeal peryapeH. STo yTBepxeHHe NoOoKeHO A. YabMaHoM 
B OCHOBY pa3BHBaeMOl HM CX€Mbl KBAaHTOBOH M€XaHHKH B MpOcTpaHCTBe C HH- 
ePUHHTHOH MeTpHKoH *. Mexyy TeM JlerKO NpHBecTH NpHMepbl, OMpoBeprato- 
mje runotesy A. Yapmana. Ilo cymecrBy Tako NpuMep nomHOrO NO HOpMe 
|x | CHHTyJApHoro JMHeaa y2xKe ObIM NocTpoeH B pacdote (°) na crp. 421, mpu- 
ueM, KaK MOKa3bIBaeT Cylelylollad TeopeMa, 9THM TIpHMepOM HCcuepMbIBaeTCA 
BeCb KJIaCC MONOOHbIX JIMHeaJIOB. 

Teopema 3. J[aa moeo “mobo cuneyanpHoui auneaa 2(C 6) ote 
NOAKbLM OMHocUMeAbHO Hopmot |x| =| {x, x] |", neo6xodumo u Oocmamouno, 
uMOObl nocAe UZsOmempuuecKoeo BroowKceHUA L 6 Npocmpaxncmeo I]1 (coezacNo tMeo- 


peme 2) eo samvikanue % OonycKano pasrosenue 6 npamyto cyumy L = LQ +4 
+ {Xo}, 20e {x} — odnomepHoe noOnpocmpancmeo, HamaKymoe Ha usompon- 
HOM eeKMope Xo nodnpocmpancmea x. . . 
3. Bonpoc o peryApHoctTH ePHHATHOrO JWHHeaa TeCHO CBA3aH C Mpobule- 
Mol G-npoekTuposanusa. JlepuHuTHEIH muHean L(C ©) nasopem np oe k- 
1HOHHO NOAHHM, ecaM y moOoro BeKTopa yo € © cymectsyeT G-npoek- 
HA Xo Ha WHHean £L. OuepuqHO, YTO HEOOXOAUMBIM ycAOBHeM MIpo- 
CKUMOHHOH MOJIHOTbI ABAMeTCA PeryAPHOCTh wMHeana. IIpuBoqumMan Hue 


* Ha pa6oty (8) o6paTun namie BHAMaHHe BeHrepcKHii MaTemaTHK SHOUT Boruap, KOTOppIa 
BEICKasal TepBble CoOOparmkeHHa, CTABALHe NOX CoMHeHHe runoTesy A. YibMana, HK MpHBes NpH- 
Mepbl (HeMO/IHBIX) CHHTYIAPHHIX JHHeaOB B GE. 
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eopema 4 ycTaHaBIMBaeT KpHTepHii MpoeKUHOHHOM NomHOTE peduHTHOTO: 
lHeasa. 

Teopema 4. J[2Aa mozo umo€ot y eexmopa yo EE cyiuecmeceana G-npoek- 
qua xo Ha Oe@unumnolti aunean L(C ©), neo6xcOumo u docmamcuno, umo€el 
INOAHAAUCH CAeOyroutle O6a YCAOEUA: 

1°. @ynxyuonaa fy, (x) = (x, yo] (x EL) oepanusern no omxowenuto K HKop- 
4e |x|. Hopmy amoeo dyxkyuonana o6osKauum | fy, |. 


2°. Xomsa Oot AA COHO nocacdoeameanbHocmU {Xn} CL, o6aadaxweli ceoti- 
meom 


[Xn» Yo] 


are aa (2) 
| HopmuposaHHol ycnoeusm |X, | =| f,,| (2 =1, 2,.. .), cytuecmeyem npeden 
6 € 2: lim | x,— x) | =0. Bexmop {sign [xo, xo]}- x9 u seanemca G-npoek- 

noo 


yuetl eeKMopa Yo Na aunean &. 

_ Takum o6pasom, aunean 2 6ydem npoeKyUoHHO NoAHwIM 6 Mom LL mMoAbKO 
om caywae, KOz0a ON peeyAApen u ycaocue 2° ebinoANAEMcA ONA bCeX eeKMOpOE 
fo EE. 

» 3SameTuM, 4TO ecH ycnoBHve 2° BEINOMHAeTCH NP WaHHOM Yo XOTA ObI WIA 
)AHOH HOPMHPOBaHHOH NOCMeMOBAaTeMbHOCTH {X,}, OOMaaroulel CBOHCTBOM (2), 
70 OHO OyjeT BHINOMHATBCA WH WIA M1060 TaKOH nocneqOBaTebHOCTH, 
a BEKTOP Xo OMPeeHTCH eCAHHCTBeHHbIM OOpa3om. Jlerko BuseTb, YTO s106ax 
TOCICNOBATeJIbHOCTh, OOafaioulad CBOHCTBOM (2), yHLaMeHTaJIbHa OTHOCHTEMb- 
Ho | x | (cp. (4)). Tlostomy ycaopue 2° GyyzeT BO BCAHKOM Cuy4ae BHINOIHEHO JIA 
BCeX BEKTOPOB yo GG, ecnu auHean & aABAAeTCA 1 O I. H bIM OTHOCHTeIbHO 
HOpMbI | x |. 

Takum o6pa3om, peeyzspHocms u noanoma Oeduxumnoeo auneana & enrexym 
ia cobou e20 NpoekyuonHyto noAxotmy. B TO x%e BpeMA B CHaly TeopeM 3 u 4 O7- 
HOH TOJIbKO MOMHOTH! WHHeaa L HeOCTATOUHO JIA erO NPOCCKUKOHHOHM NomHO- 
opr *. 

4, Bo3spaulaicb K Teopeme |, yKaxKeM, uTO ycoBue (1) (cOoTBeTCTBeEHHO: 
1’)) Bnepseie Obl10 ycraHopmeHo P, Hepanunna (1) kakKHeEOGXORUMO.E 
WIA CYULECTBOBAHHA G-npoekWHH BeKTOPA Yo Ha Je*HHATHHI JuHean L mp u 
FOMONTHHTCALBHHX OTrpaHHYeHH A X: 

_ 1) € = § ectb runpOeptoso npoctpauctso c G-mMeTpuKoli (cm. n. 1). 

| 2) 2 ecTb (8amKHyTOoe) NoO”NpoctTpaHcTBO §,. 

' Tam xe (*) noka3aHo, 4To ycnoBue (1) (cooTBeTcTBeHHO(!’)) ROC TaTO 4- 
40, ecaH 2 momHO (0 Hope | x |). 

ConoctaBieHve cChOpMyJIMpOBaHHEIX HaMH Teopem | wu 4 MOKa3sbIBaeT, YTO: 
rpanvyenuaA 1) uw 2), nanowennpie P, HepanwHHa, ABJAIOTCA JIMIUHHMH. 
_ B pa6ore (°) [O. Il. [un36ypra npu Tex xe OrpaHHueHHaAX 1) H 2) BrepBble 
fomyyeHoO HEOOXOAUMOe H FOCTATOUHOE ycnoBne cylecTBO- 
3aHHA G-NpOeKIHM BeKTOPAa Yo € § Ha MoANpoctpanctBo L (naxKe WIA cyyaAd 
He9pMHTOBa oOMepatopa G). Ecnu Pg — optonpoextop u3 § na &, TO Gg = 
=P, GP, ecTb onepatop Tpama dopmpr [x, y] Ha mopmpoctpaucTBe L (cM. 
a. 1). OkaspiBaetca ((%), Teopema 2), UTO B HHTepecyrollleM Hac CIy4Yae SPMUTOBA 
Mepatopa G Ova cyiwecmeoeanua G-npcekyuu bekmopa yo Ha &, HeobxoduMo: 
% Oocmamo4uno, 4mo6ol Oran mobo nocaedoeameabHocmu {Xn} C &, obaadarowett 
2eovicméom. 

lim [| Ggxn f = 0, 
Noo 
umeno Mectno paéexctéo 
intl ¥ay-Yol s. 0% 
/ noo 


_ * Ye mocae cau HacTOAMeH CTaTbH B MedaTb MbI NOSHAKOMHANCh Cc paboToti (°), B KO- 
ropolt NOly4eHHE ApPyrve KPHTepHH MpOeKNHOHHOH NOAHOTH! NPOH3BOJbHBIX JIMHEAJIOB. 


; 793: 


} 


HeoOxOUMOCTHL 9YTOFO YCNOBHA HeNOCpeACTBEHHO BHAHA H3 COOTH 
UICHHA 


[acy tho] eel Ky cele sO aA aS 


B KOTOPOM Yepe3 Xo OGO3HadeHa G-nmpoekiMA BeKTOpa yo Ha '. Vicnoap3ys 3a 
KHYTOCTh OnepaTopa Gg" OTHOCHTeIbHO HOpMbI |x|, HeTpyqHO NOKa3aTb, 4 
B cBoeH LOCTATOYHOH YacCTH paccMaTpMBaeMblIi KpUTepHu cweLyer 
HawleH Teopembl 4. 


OjecckHli WH KeHepHO-CTpOHTeJIbHbIH Toctrynusio 
HHCTHTYT A SU GM! 
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‘8 Joxzagm Akayemun nayr CCCP 
1961. Tom 139, Ne 4 


MATEMATHKA 


E. WH. KAM wu JI. Tf. ABAHOBA 


OB YCJIOBHAX PA3PEIWIMMOCTH HEKOTOPOM FPAHHYHOH 
SAMAYH AIA OMHOM NAPABOJIMUECKOM CHCTEMbI 


(IT pedcmaeaexo axademuxom H. H. Bexya 23 ITI 1961) 
1. Paccmotpum FESTeMy sets a JIbHbIX YypaBHeHHit 


Ou, 2 
os Ta -> Gin Aup, Nera vas a oe , hea: (1) 


i 
me a MOCTOAHHbIe BeIMYHHEI, ylOBMeTBOp HOLE CIEL 10- 
IMM yCJIOBHAM: BCE KOPHH ypaBHeHHsA 
a,—K ay 


f 


|=0 


(2) 
: Q21 ‘daz — 
a3IMYHbI WH MOJIOMKATEIbHbI, OOOZHAUHM Yepes Ay, Ag. ByfeM UcKaTb pelle- 
tue ypapHeHua (1) B o6macth D (O< x < 1,—co<y< +o), yaos- 
leTBOpAIOULee HaYaJIbHOMY YCJIOBHIO 


U. 0) (3) 


Naot 
| rpaHH4HBIM ycJIOBMAM 
(OyUy + Mga) eae, =p. (y, f), (Ous/Ox + Ayu) = = 'p, (y, t), 
(Billi + Betts) oe paly, 4), (OU2/dx + hztte) |, _; = hay, 2), 
me @;, B;, h; —3alaHHbIe MOCTOAHHbIe BeHUHHbI; %p, (y, 1) — W3BeCTHBIe He- 
PepbLIBHEIe orpaHuyeHHble dbyHKUHH CO CBOHMH IIpOM3BOQHbIMH OcTaTOUHO 
bicoKOrO MopsyKa HU hp; (y, 0) =0. Muorue G6omee o6uiHe rpaHM4yHble 3anayH 


IBOJATCA C MOMOLLbIO MHeMHbIX MpeoOpasopaHui K paccMaTpHBaemoli. 
| 2. Baemem caeqyrouee o603HaueHHE: 


' 


(4) 


\ar | G(x,y—n, f— 1) Oy, 1) dy = GO I, y, Z). (5) 
0 —c 
PeauleHve Ha nel 3aqauu OyeM HCKaTb B CuIefyioulem Buze (*): 


2 
B(x, y, 2) = >} Aigixo,[x, 4. t1+ >) Aigi+o,tl—x, y, #1, 
ty {=1 i, j=1 


(6) 


5 


2 2 
b Ix, y,t] = >) Arjgl*oulx, y, 1+ D) Angi * ox IL —x, y, 4), 


Z, f= i, j=1 


‘me 
’ il 2 , Gheeee ; : : 
B(x, y, t) = 5 ai xP | — aI: ee emt Nh) 
Af 
a oe hi — O22 a 22 — Ag a 2 Qy2 Di ie ee, 2 
Ane 12 hy Sh’ Ay = Jina 4412. >— ae 
eae 225 ee Oia we Aa — Ou Die St a1 — ho 8 
. As, haa ae ’ Ase = Ge ee A; =o At Age Ti EEN ’ ( ) 
y z Onmdat &, : ‘ ; 
DAL yp Dae A= byAay. 


é=1 


oe 
) 


HenocpencTBeHHolt mpoBepkoli ycTanaBMBaeTcA, YTO PyHKUAM, onpe 
AS€MEIC paBeHCcTBOM (7), yAOBMeTBOpsIoT cucTeme (1) H HayabHOMy YCJI0B 
(3). Tpe6yerca onpefeuTb © Tak, UTOOKI PyHKUMH (7) YAOBeTBOpsAIM rpanH 
HbIM yCJIOBHAM (4). 

3. YkKaxkeM MpeNBapuTebHO CJIEMYIOULyIO JIeMMy: 

JlIemma. Ecau @ (y, t) umeem oepanusennote npouseodnoie Gw/dt, 0°o/d 
u o(y, 0) =90, mo! 


t -+00 
lim \ de ( gi (x,y —1, t—1) 0 (0, 7) dna g'« F; [ol MO Fei oh ies ( 
xo 4 ay Bo LA, 


ade F; [w] = dw/dt — A,0*w/dy?.e* FP 
Jlemma yOKasbipaeTCA MHTeErPpHPOBaHHEM M0 YacTAM Nlocde sameHE! g/ yep 


WE 
—F82 — San 
Jia onpegenenua dyHkuni @;; (y,?) mogcTapuM (6)"B (4). [pm stom, u 


NOb3yA JIMMY WM CEOMCTEO «<MoTeHUMata» ZBoHHOrO com (1, *), MBI Nowy4 
CJIEMyIOULyIo CHETEMY HMHTerpo-yug¢depeHuMaNbHbIX ypaBHeHuH: 
3 


— a1011 — O2@12 + bs (a, 44; + a, As;) gl *o,, {t,y, 0 = (y; t); (i 
é, J=1 ; | 
ye Ag; 1, * Oz UL, Y; t} ri 


’ j=1 


2 
é 1 , 
>) Ay =e! * Fj loxd (0, y, t+ 
A 


£, f=1 


2 
— hyo (y, t) + hy > Aye, * Woe [f, y, Hace Yeo (y, t); (1 


2, f=1 


— B1@21 — Bo@o2 + > (BAY + Be o) at *Oull,y,tl =ps(y,t); (l 
.7—! 
2 2 
i 4 i 
2 A>; 7— 8! * Fj [sz] [0, y, t] + D> Aug, * ull, y, t}— 
fi! ; Lt | 
— hz@oo (y, t) + Be ba Axjgl * Oy (, y, t] = aly, t). ; (13 
i, f=t 
Uckmowaa dyHKUMIo @12 43 ypaBHeHuli (10), (11), Mer nomyaum | 


1 F 
» (a2A}; — a1 Aj), Rye * F; (@1] (0, y, £] = aphyou (y, t) — 


ja 


SUK) «ap ne ee (14 


i=1 


rye 


Ki (l,y—n, t—1) = >) Alp Ai, + o2Aiy) wi [g¥l+ ell, y—n,t—s14 
v, /=1 
2 


2 
+ 2 wAvg.(4y—nt—) +h > aAijgi (l,y—n,t— 0), (15 


vy, J=1 v, j=1 


2 
4 
@2 (Ys t) = oaths + >) Aly =— @! * Fy [vps] 0, y, EI. (16. 
Uckaroyan 21 13 (12) u (13), umeem 

2 


2 (Be, Ao; — By 3/) = gi * te [@oo] {0, ¥, j= 
=] f 
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i=l 


2 


2 

é = Bhim + >) Kixoull, y 1 —o1y. 2b, (17) 
: 

ca 2) Ab (B.Aiv + Bois) 4—F) [eel eg! UL yn, tt) + 


b} ess 
+ DS BAY, oy —n.t—1) +he siete Oy Hes), (18) 
vy, j=l Ve) sl 
(Ys £) = Bi Ge (y, 2) 1+ Anz gi « F; [rps] (0, y, ¢]. (19) 


_ OveBuqHO, YTO Apa. Ki\ a KG en 
_4. Boecto ypaBHenuit (14) u (17) mpl paccMoTpuM HX xapakTepucTHYecKoe 
JaBHeHHe 


‘fo =Ai> els Fi [o] (0, y, ¢] + Arse? Fe (eae lOpeper dl =f (y,-2), (20) 
BP canchithas: 4YTO K PYHKUAAM © HW f MOXKHO MPHMeCHUTb Rock 

ypbe — Jlanaaca, MbI IIPHMeHHM eFO K OOe€HM 4acTAM (20) *. Torya 

re Begiveeyer enn ve cut 1 Ante vi on 104 cuerueig 213 

: Ai V d2 Vp + Ms?+ Ao V A Vp + das / ae 
-Ecan Ah At hy == 0} TO 


‘ Se V AA AV 42 Vp + as? — AsV iy Vp des? faa 2 
@ = — ee Ses (21?) 
Ajh, — APA, p+ As 

qe 

i ee A, A, (Ai — AS) nye we AeA Ave As 

\ Ajh, — Ash, Ai VAs + AsV Mi At V ia— Aa V Aa 

eilyers A >O, Torga ** 

Vike p Atha exp [—y?/4aat] 

vane .VaVio < Van, oa ; 

7 Ash, exp[—y%/4at] (yA) AVA AY? ( exp [—y2/Aat (2) 1] 

V 2x (AjA, — AZA,) é V 2x (AtAy — ADA) t¥ za? (2) 
. hp —A) AMPA, ¢ exp [—y?/4a2 (2) ¢ 
Pi ST ee ee a= 
2a; (z) t V 2a (Aid, — AA.) ¢ t Vz ay (2) 2a = t 

, = (0, y, 2), (22) 
qe a; (2) =Viiz+A(i — 2. 

» Ecou A <0, To 

j Vii hap BOs fa) daa (Art As eA Auths sar 
We Vp tht VV the (AP, — AB)? gain 

rm co 

f : —[Mt+A (f—2)) st 

lk ae = Viahads ; \ é - rene 

2Y m (Athy — ABA) ; qs 

; Pe Dutt (t+2)] s 

. — et | eo eA dt. (23) 
! 2V a (Ath — Aha) | rh 


STH (yHKIHH pactyT (3) 
“* > O3HauaeT, UTO CNeAyeT CHepBa HaATH OPHrHHaN, a 3aTeM NpHMeHHTS OOpaTHoe mpeod- 


» *  * Moxno MpHMeHHMTb MpeoOpasopanve Dypbe ANA oGoOuleHHEIX (byHKUHH, Mpemnonaran, 
i 
asoBanue Dypse. 
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Orciofa BUAHO, ¥TO ecu A1/Aa < 0, TO, BBUAY HANMYMA MepBoro caraemMo 
B (23), operon’ mpeoOpasoBaHun Pypbe B OObIYHOM CMBIcsIe He aye 
Ho ecan A1/A2 > 0, TO OHO BCerma cyMlecTByeT, MpHuem 


V Ay Asp Va NoAy Mv 
AV ia VP-P ast + As VV pt a © 2Y 2a (APA, — AP) (2 
a — y/4a? (z) t a i AS ~ exp [— y?/4a’ (z) 1 
Ke \oe MD ee ee ( ee 
‘ tz? ay (z) 2V 2x (AtA, — AZA1) f tz '? ao (2) 


Ouesugno, uto I’ (0, y, t) kak AQpo pcryspHO MH uMeeT Takyt0 xe OcObe 
noctb, Kak g (0, y, 7). I (0, y, f) Ha30nem pesoubBeHTON. 
TakKHM O6pa30M, B pesyJIbTare UMECM CyIesyIOLyio Teopemy: = 
Teopema. [pu Aj\.— Azh, = 0, ecau Ay/Ay <0, (Ai+A2)/(A1 V do 
Ay A1) <0, mo ypaeneruc (20) He umeem pewenus. B ocmaabHux cay4an 
ypaenHeriue (20) eceeda pasjeiuiumo u @ynkyun 


t 


wo (y, t) =F fl =\da \ F(0,6—n, ¢—1) f 1) dn =V flO, y, 4] 2 


e 
u — Ce 


yOosaemeopsiem 1 :eHenuto (20), ecau f (y, t) umeem HenpepbleHble O2panudtenno 
npouseodxeic 2-<, nopsdKa no \-my apeymenmy u \-20 nopsxdKa no 2-my. 

Bropi:. “acTb TeOpeMbl yCTaHaBJIMBaeTCA NOACTAaHOBKOH (25) B (20). OTH 
CaMbIM CHHMaIOTCA BCe YCAOBHA, HaOMKeHHbIe Ha @ UH f B Ha¥ame Naparpad 

Eenn Ayko — A5A, = 0, TO np Oonpummx orpannuenuax Ha f (y, t) ypaBH 
He UMe | pelleHHe, HO OHO HE TOsyyaeTCA NpesesbHbIM NepexogqoM u3 (2 
py Ajie—= Ash, — 0. Ilostomy STOT cy4aH Ha30BeM OCOOBIM. 

Tenepb paccMoTpuM ypaBHenua (14) u (17), npeqnonaras, 4To AA KaxK Or 
YpabieHWA XapakTepHcTHYeCKaH YaCTb YOBMETBOPAeT YCOBHAM pa3spelIHM 
ctu. Ilyctp [1 (0, y, 4) u Ve (0, y, t) — pesonbpenTs! ypaBHennit (14) u (17) 
Torga, NpHMeHssd K OOOMM ypaBHeHHAM OOpaTHEI onepatop [-1 nomyaum 


Or, = Of! +O, [0, y, 1— >) K, * TP, * op, [2, y, f] + Tixqe [0, y, £];(14" 


aml ; 


@22 = — Bihl2 * M22 [0, y, t] + > Re «D204; Ul, y, t] +T2 «qa (0, y, ¢). (17’ 


t=1 


Tenepb 3aMeHuM TpewBapuTeIbHO (yHKUHH @u, M22 B ypaBHeHHAx (10 
uw (12) mpaBoii uactpio (14’) u (17’). Tlomysennpie Takum O6pa30M ypaBHeHHs 
BMecTe c (14) u (17) cocraBasioT Takyio CHCTeMy MHTerpaJbHbIX ypaBHeHHit 
K KOTOPbIM yxKE MOXKHO IIPHMeCHHTb MeTO MOCMETOBAaTeJIbHBIX IPHOWKeHMH 

PesioMUpyA MOJYYeHHbIC Pe3YJbTATbI, MbI MOXKCM YTBEpKLaTb, YTO HALL: 
rpaHHuHad 3ajaua UMeeT PeLICHHA TOMbKO TOra, KOTa XapakTepHCTHY4eCKH! 
ypaBHeHua ypaBHenui (14) u (17) oHOBpemMeHHO OOpaTuMBI. B oco6o0m cay4a 
rpaHvuHadA 3ayjaya HeKOppeKTHA. 


XapbKOBCKH MOMMTeEXHMYeCKHH HHCTHTYT ‘ Tlocrynuso 
uM. B. VW. Jlenuua 20 III 1961 


KasaxcKHH rocyJapcTBeHHBIli yHUBepcHTerT 
um. C. M. Kuposa 


UWHTHPOBAHHAA JIMTEPATYPA 


1E. UW Kum, J I Asano sa, JAM, 126, Bp *eJ). e's 
E. V.. Ku, ‘Msp, AH CCCP, SuepreruKa H apTomaTuka, Ne 3 (1959). %E 
JAH, 113, Ne 2 (1957). 
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ie Hoknage Akagemun wayk CCCP 
i 1961. Tom 139, Ne 4 


MATEMATHKA 
10. A. KJIOKOB 


KPAEBbIE 3AHAUH C YCJIOBHSIMM HA + co 
(IT pedcmaezeno axademuxom H. IT. Ilempoecxum 18 III 1961) 


B 92TOH 3aMeTKe MbI paccCMOTpHM KpaeByto 3anary 
Peay = OF (1) 
; x(— 00) =a, x(4+o0) =5, | (1) 


ane aub— SaJlaHHble GHCJIa, H aAHaJIOTHUHY!O oO AJIH ABTOHOMHOTO ypaB~ 
H€HUA TpeTbero MopsaAyKa 


; x eo (x, 2, x) x = 0; (2). 
pie eies) a. he (0) SOI se - Poyesa (2’) 


\ [logo6upie 3aqaun mpeycTaBiAIoT HHTepec B TeOpeTHYCCKHX H MPHKWa_HbIx 
ponpocax (1-*). Mbt 6ynem mpeqnomaratp, uto dyHKuusa f (t, x, y) ompeenena 
30 BCeM pocTpauctTse (/, x, y), HelpepbIBHa 10 ¢ MH YOBMeTBOPAeT YCJIOBUIO 
Tunumija 10 MepeMeHHbIM Xx, Y B KaxKROM OrpaHH4eHHOH oOGMacTH mpocTpaH- 
tTBa. OTHOCHTebHO PyHKUHH @ (x, y, Z) Syne npeqnomarath, YTO OHA yAOB- 
IeTBOp eT ycenosuro Jlumuinia B KaxkgOH orpaHuyeHHOH OOacTH mpocTpaH- 
maa (x, y, 2). 

Ilpexye Bcero CKaKeM HECKOJIbKO CJIOB B OOOCHOBAHHE CrellMaJIbHOrO ‘Bua 
ypasnenna (1). J. astoHomHoro ypaBHeHHa x =f (x, x), ECM M CyllecTByeT 
denieHue 3anaun (1’), TO 3aBe_OMO HeeHHCTBeHHOe, NOcKobKy x (¢f + C) npu 

6om C Takxe OyeT pelieHvem 3TOH 3aauH. 


Hanporus, via ypaBHenua x —f (t, x), KaK 3TO JeErKO L1pOBepuTb, ecu 
bylllecTByeT pelleHHe 3ajau, TO TOMbKO efMHcTBeHHOe. Hakonell, Ama ypaB- 


fens x =@ (, x) pemlenue TaKkoii 3aqa4u CyecTByeT AHUIb B BUe UCKONe- 


Ha. Tak, Hanpumep, ypapHenue x =a (f) x, a (t) > 0, uMeer pemenue Tonb- 
ko ecnu a =b = 0. Baugy scero cKkagaHHOro MBI M OrpaHMyMMca ypaBHenueM 
J) cnewHambHoro Bua. Takue xe Coo6paxeHHA MOXHO TIpHBeCTH HW B 060- 
‘HOBAHHE cCielMaJIbHOrO’ Bua ypaBHenua (2). 
' Teopema l. J/ycmo dyxkyua f (t, x, y) yOoeaemeopsem ycaoeusm: 
_ A. as Kancdoti oepanustennoti o6racmu D naockccmu (x, y) cyuecmeyrom 
luca o 0 wT > 0 maxue, umo tf (t, x, y) >1+onpu |t| >T u (x, y) ED. 
wis (, x, y)y|<ct, x) +y"), ede c(t, x) >0 nenpepoiena npu 

‘8 “a x2 <_ 00, — oo Le a OS 

Toeda petwenue saadun ch} ete ) cytuecmeyem. 

Wokxasateapertreso. Tak kak byHkuna f yqopeTBopser ycopnio B, 
tO Kpaepad 3amaua 


| x+fG x, x) x =0; (1) 
/ & (=) = 0d, x(t) =38 (1”) 
aMeeT 110 KpaliHel Mepe OHO pellleHue JA KaKOrO Wenoro Nt > 1. O6o3HauHM 


OHO M3 STUX pemleHuii yepes x, (t) (n = 1, 2, .), Tak KaK HWKakoe pemleHne 
‘ (t) ypapHenua (1) He MoxKeT HMeTb 3KcTpeMyMa, TO (yHKMHH x, (t) orpaHuye- 
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Hbl B COBOKYMHOCTH D< Kn (Ai Bs \t are (Mot nmpemnouaraemM, YTO @ < 
cmyyah a >b pacemanpupaetea aronae Bo3bMem Tenepb O61acTb 

B BHye KBatpataa <x Kb, OS y <b —a. [na stow o6nactu nog6ep 

qucia o > 0 u T >O taxue, ato ¢f (¢, x, y) > 1 +o npu |t| ST. 

He yMeHbiiad OOU,HOCTH, MbI MOxKeM cuuTaTb, YTOO <1, aT >}. Il 
CTpouM Temepb pemienne u (t) ypaBHeHHa i +} : + 4 = 0} yqoBeTBopsronle 
ycnopuim u (7) =a, u (co) = b. Ono umeer ie u (t) =b — (6 — a) (T/A) 
tax uto u (t) =o(b—a) TUE. 

OuepugHo, ato 0 < w(t) <b—a mpu t ST. Jlycts n >T. Toxkaxem 
yto x, (t) (IT <t<n) um mpu Kaxux n wu ¢ He mepecexator rpaduxa u (#) 
B camMoM yee, eciH Obl 3TO OLINO TAK, TO B TOUKe nepeceyeHun ¢ = fo ME 
YMeH Opt u (fo) = Xn (to) H & (to) > Xn (fo). A TOra, IpHHAMad STy TOUKYy 
KauecTBe HavaJIbHOH HM Y4HTbIBAaH, YTO TONKA (Xp (fo), Xn (40)) ED, rye Bemon 
HaeTcaA HepaBeHcTso A, MBI NOJy4YHM : 


t 


iin (t) = Xn (to) exp [—| F(t, ¥n (2), ¥n (2) dt] < 0 (te) exp K tar] = 


to ty 


=—¥ 1 (t0) (> an 


mpu ¢ >t) u, 3HauHT, x, (4) He MOmKeT Mepeceub rpacbuKa u (7) CHHB3y BBeEpX 
YTO IIPOTHBOpeyHT YyCNOBHIO X,_ (n) =b >u(n). CnegospaTenbHo, rpadpuk 
Xn (t) Haxo_ATcA MeExyy rpaduKkom u (ft) u npamoh x =O. Ilpu t < —T ana 
JOPHYHO MOXKHO MOKA3aTb, YTO Xq (¢t) HAXOATCA MEKTY NPAMOH X = aU rpa 
cukom v (¢) peieHua 3aqauH 


o+*tS5=0, vi) =a, v(7) =b. 


Tak Kak MocjeqoBaTembHOcTb {X,(T)} orpaHuyena, TO NOCcTeqOBaTeNbHOC 
(Xn(T)}, B cumy ycnopua B, OyneT Take orpaHHueHa. Tenepb u3 nocmeso 
BaTebHOCTH {X,(7), Xn (T)} BbIGHpaeM CXOAMLyIocA NoO_NMOCMELOBAaTeMbHOCT! 
Tak, uTOMpuk oo Xn, (T) > a, ais (7) — 8. Pemenne ypaBHenna (1), yo 


AeTBOpsAIoWee ycnoBuam x (7) =a, x(T) = 8, u G6yneT ucKomBIM. B camon 
fene, ouepugHo, uTo u (ft) << x (i) Zz . ({ >T7), u tax kak w(t) >b opt 
+> -+ co, To x(+ 0) =b. AnanormuHo npu t < — T umeem a < x (f) < 
<u (/), M Tax Kak vu (t) +a mpu t + — o9, To x (— 00) =a, To u Tpebo 
BallOCb JOKa3aTb. 

wa 9A4MeuauHue. B oOmem ciygae WHCHO 6 Heb3A 3AMCHHTb HYyJeM, Kal 


MOK&3biBaeT MpHMep ypaBHeHHA x +77 x =0. Torga x (ft) =¢1 + 


+ coin (¢ + Vi+P) H MpH cas=0 (co) enoos 

JlerkO TaKxKe NOCTPOHTb MpuMepbl, NOKasbIBarolllve, YTO MOKAasaTeb 2 |} 
ycoBpuu B Hemb3Ah SaMeHHTb Ha 2 + eg. 

Teopema 2 (teopema equuctBenHoctu). Ecau f (t, x, y) eemb Heeos 
pacmarowan dynkyua x npu y > 0, mo pewenue sadauu (1), (1’) eouncmeenn 
npua <b. Ecau f (t, x, y) ecme neyboearowan dynkyua x npu y <0, mo pe 
enue sada4u edUNcmeenHo npu a> b. Haxkoney, ecau f (t, x, y) y ecmo Hees 
pacmarowasa dynKyuA x, MO peweHue eOUNCMeeHHO npu nto 01x aub, 

WokazsatTeabcrtso, Ilycth cymectsyworT 7Ba pewlenua sagan x1 (¢ 
wu x2 (¢). Torga ux pasHoctb xe (t)— x1 (t) = u(t) yaoBnerBopseT ycmOBHK 
u(--co) =0 u ypaBHenutio 


rae ll Leos Xe) el (ea Xo) Xe 4 y 22th, Xo, cae fib 1, %o)] 2500 
Sa hs x2 — *1 
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TKya HEMeAeHHO cyenyer, To u (t) = 0, Tak Kak ypaBHenue ii + a ()u+ 
+ 6 (t) uw =O npu b (t) < 0 ue Momer uMeTb HH NONOKUTeENBHOrO MaKCHMyMa, 
1M OTPHaTeJIbHOrO MMHUMYyMa, 4TO H TpeOOBaNOCh OKa3zaTb. 


_ O6parumes Tenepb x 3agaye (2), (2’), mpuuem PpaccMOTpUM CHayalla cry 4ali 
ic > 0, a 3aTem ciyuait ac <0. Ilyctb, Hanpumep, a >0,c > 0. Us ypaBHe- 
tia (2) BHXHO, YTO AIA mMOG6OrO pelleHua x(t) He MeHseT 3HaKa. Tlostomy x (2) 
‘SMCHACTCA MOHOTOHHO H, 3HayHT, x (¢) > min (a,c) >Onpu— ~w <t < cw 
(ii moOoro penenua sagqauu (2), (2’). Cyenaem sameny x =u (x), 


= 00 <x < oo. Torga ¥=uu', X =u"u? + u’*u (uITpHx O3HauaeT AUdbepeH- 
(MpoBaHue 0 x). 


_ Tlogcrapnaa 8B ypaBHeHue (2), nomyuum 


" u’ x, U, uu’ , 
u" fot in! = 0: (3) 


u(— oc) =a, u(+ cc) =c. (3’) 


| Takum o6pa3o0m, s1000e pemienve 3agaun (2), (2’) aBmaeTcHd pewleHueM 3a- 
jagu (3), (8’), KoTOpad Hamu yxe u3y4eHa. PemmB 3amgauy (3), (3’) u Halina 
(x), MoryyuM u3 moyctanosKu dx/dt =u (x). Orcioga Halizem pemtenne x (ft), 
OcHob30BaBIUMCb ycoBHem x (0) = 0, mpuuem, ecu 3anaya (3), (3’) uMeeT 
WMHCTBCHHOe pellieHve, TO 3agjaya (2), (2’) Takxe HMeeT CAMHCTBEHHOE pelle- 
me. M3 aTux paccyxeHH, B 4YaCTHOCTH, CyuleqyeT CyleCTBOBaHHe M e]UH- 


TBCHHOCTb pelieHua s3agaun (2’) qua ypaBHenua Baasnyca x + oer = 0; 
OTOpad mpescTaBAdeT HHTepec pH U3y4YeHHH BOMpOca O CMeWIMBAaHHU ABYX 
rpy rasa (°). ; 
» PaccmoTpuM Temepb cily4a, Kora a UC pasHbLX 3HaKOB, HallpuMep a < 0, 
> 0. Torga, ecu cyulecTByeT perenne x (7), TO OHO OOA3ATEBHO OyeT HMETb 
MHUMyM IIpH HeKOTOpoM ¢ = fo, x (to) = 0, u ecu fo 0, To 3aqaua (2), 
y) uMeeT Ba peuleHHaA x1 = x (f+ hh) uw v2 = x (f+ fe), re ti u te — gBa 
OpHaA ypaBHenua x (t) —b. Ecnuu we tp) =0, TO yae gua b+ & (& > 0) 
YAyT CYIeCTBOBaTb [Ba PelICHHA 3aaun. 

TakuM o6pa3oM, B cayuae ac < 0 eMHCTBeHHOCTh pelieHua 3agaun (2), 
”), BOOOULe TOBOPA, HE HMeeT MeCTA. 


Tlocrynuuio 
11 III 1961 
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Axayemuk A. H. MAJIBLILEB 


JPOEKTHBHASH HEOTREJIMMOCTb 
MHODKECTBA TO)KAECTBEHHO HCTHHHDbIX HW 
MHO)KECTBA KOHEYUHO ONPOBEPDKHMbIX ®OPMY JI 
HEKOTOPbIX IJIEMEHTAPHbIX TEOPHA 


Ilycrs K — HekoTopblii Kacc MOjemneH CurHaTypbl 0. OopmyJb yskor' 
MCUMCICHHA MpeuKaTOB, BHEMOTHYeCKHe KOHCTAHTbI KOTOPbIX COJePKaTCA B Gj 
OyayT Hasbipatbex K-popMysamu. SamkuytTanx K-opmyna Y% wHasbipaercs 
TOKMe€CTBCEHHO HCTHHHOHU Ha K, ec OHA MCTHHHA Ha BCeX MOTeIA] 
K. % naspipaetca KOHEYHO ONPOBepxKuUMOLN Ha K, ecau YnoKHa HaHe 
KOTOpOH KOHeuHON Mogenu u3 K. Ecau WuctuHHa Ha BCeX KOHeUHEIX K-moqemAx 
TO rOBOpAT, TOM KOHEYHO UCTHHHA Ha K. Uepes T (K), F (K) 0603Hal 
YHM, COOTBETCTBCHHO, COBOKYMHOCTb BCEX TOKJECTBEHHO MCTHHHBIX SopMywJ 
COBOKYNHOCTh KOHedHO OmpoBepxuMBIX Ha K K-copmya. B 3amerxe (7) 6niai 
mokasaHo, uTo F (K) He pekypcHBHOe MHOKecTBO, ecu K — kslacc Bcex rpyn 
WIM BC€X ACCOMMATHBHbIX KOJI€l, JIMeBbIX KOell H T. 1. C MOMOMIbIO pesyJIb 
TaTOB STO XKe 3AMETKH HWKE TOKABZbIBAIOTCA Oosee CHIbHbIE MPeAIORKeHUA | 
TOM, UTO copokynHocTu 7 (K) u F (K) adbcdbekTuBHO HeoTAeEIHMBI, ecmH K — onul 
U3 YKa3aHHbIX BbIMe KaccOB py HIM KoNeu. OTciofa, B YaCTHOCTH, HeNO 
cpecTBeHHO cilenyeT Teopema b. A. Tpaxtrex6pota (?) 0 pekypcHBHOH HeoT] 
JI@IMMOCTH TOXKMCCTBCHHO UCTHHHBIX H KOHEYHO OMpOBepxKHMBIX CbopMy 
y3KOrO HCYHCIeCHHA MpequKaTos. 

n°l. Uepes L o603HauumM xksacc Bcex amre6p Hay, HeEKOTOpbIM uKcH 
PpOBaHHBIM pocTHimM momem [I mpoctol xapaxTepucTruku m. Kak u B(? 
MBI CHavalla YyK@&kKeM peryJIApHbI mpomecc, Cc  MOMOUbIO KOTOpor 
43 KaxoH 3amKHyTol L-dopmyabt 2% mMoxHO mocTpouTb HoBy1o L-dopmy.a] 
9") ppmomHuMocTS KOTOpOH G6yeT paBHOCHIbHa HCTHHHOCTH Y% Ha Bcex all 
reOpax, comep2alluX MeHee nN 93JICMeHTOB. 

O6o3HauHM uepes (g, Xx) dopmyny qx =x &x* =x & x —O0 MH 4epe 
Ic, x] — hopmyny cx =x & xc =x & x? =0. SaemenTH x, IA KOTOPHI 
dopMysia (g, x) UcTHHHa, OyJe@M Ha3bIBaTb g-3eMeHTaMM. COBOKyMHOCTb Te 
X, WIA KOTOpHIX [c, x] ucTHHHa, OymeT OOO3HAa¥AaTBCA u4epes XR, HW Ha3bIBaTbc 
IIPOCTpaHCTBOM, IpHHawexkalllHM c. COBOKYMHOCTb TeX X, WIA KOTOPbIX PX = H 
OyqeT OOO3HaYaTDCA yepes Rp. OGosHauum empe uepes D(a) KOHDIOHKIHE 
cbopmya al) u a2) us (7). Ilycts Tenepp U (p, g) ecTb KOHbIOHKUMA copy 


(xy) ((q, x) & [x, yl] > py =y) & (xy) (px =x & py =y — xy =0); 
(xy) [(q, x) & (9, y) & x sy — (Aw) (Ix, ul y [y, uw] & Ix, ul vy ly, wl); | 
(x) (dy) [px =x > (q, y) & (wu) (ly, uJ ou =x\Vu =2x VV... \yu=nx) 

(xy) (dz) [(q, x) & (q, y) > (@, 2) & (4) (lz, uo - 
<> (How) ([x, v] & [y,wl& u =v+))I. 

Mcrunnoctp U (p, q) B HeKoTopoit anredpe REL, cojep2Kameli 31eMCHTI 

P, 4, O3HauaeT, 4uTO: 1) MpocTpaHcTBO, NpHHasNexatlee MOOOMy g-3J1eMeHT 
cogepxKuTcA B Rp; 2) MpocTpaHcTBa, NpHHaexallue pasIMUHbIM g-971eMe 
TaM, Pa3JIMUHbI; 3) KaxKOe HYJIbMepHOe HAM OMHOMepHoe No_MpocTpancTBy 
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OCTpaHcTBa &p,) MpWHasexUT HeEKOTOPpOMy q-3lemMeHTy; 4) npoHsBeyeHHe 
ObIX SICMeCHTOB U3 Rp paBuo nyo. 3 U (p, q) cmenyer, uro mpoctpan- 
TBO, MpHHayiexallee q-3JIeEMeHTY, ABACTCA JIMHEHHEIM nopmpocTpaHcTBOM 
“Rp WM 4TO KaKO€ KOHEYHOMepHOe MOAMpOcTpaHcTBO 43 Rp NpHNALNeEKUT 
€KOTOPOMy 4g-3JIeMeHTY. 
_ n°2. Jlerko nogcuuTIBaeTca, YTO YMCO PasJIMYHEIX amreOp, KOTOPbIe MOXKHO 
OCTPOUTb IlyTeM BBeCHHA PaSJIMYHbIMM cMOCcOOaMH Olepawun yMHOMeHMA 
‘JaHHOe MMHEHHOe N-MepHoe mpoctpancTsBo Hag! , paBHo x”. Ilycts t = F (n) — 
CMO Pa3IHYHbIX JMHEHHbIX MOMMPOCTpaHcTB TaKOrO MpocTpaHcTBa HM MYCTb 
= G (f)—o6patuas tbyHkuuA, KOTOPy!o AIA OMmpeseeHHOCTH NOmaraeM paB- 
ou 0, ecu ¢ He NpHHaqexKUT CoBoKyNHOCTH 3HayeHnit F. Vs asnolt dopmyazut 
ma F (n) suguo, uto F (n) u G (¢t) — npumutusno pekypcuBHble pyHKHH. 
loSTOMy IPHMHTHBHO pekypcHBHO 6yyeT u dbyHKuua S (t) = nS, To cno- 
OOy, H3i0%KeHHOMy B (*), crpoum dopmyuy © (a, 6), o6magatoulyio cmepyto- 
IMM CBOlcTBaMH: 1) ecm B KakOl-1H60 alreOpe M BHIMEeHbI SeMeHTHI Q, B, 
WopieTBopsioune © (a, b), M ec YNCNO a-aeMeHTOB B ® paBuo ¢, TO uHcno 
“9JIeMeHTOB B  paBHo S (t); 2) ana KaxKyporo ¢ cymlecTByeT KOHeyHAaA amreOpa 
1c €MHHMIEH, HMeIOWad 2eMeHTHI a, b co cBolicTBOM © (a, 6), uucno a-sue- 
H10B B KOTOPOH paBHo f. 
n°3. O6o3sHauum uepes V (c, q, £, a, 6) bopmyay 


Sz (a, 5) & (xy) (gx = x &BY =Yy > B-xy = xy) & 

& (Az) {(y) [(q, y) & Ny SR. > g-zy = zy &(a, zy)]& 

& (x) [(a, x) & gx =x — (Ay) (9, y) &R, CRe&X= zy) & 

5 a(xy) [(q, x) & Re CMe &(G, y) &Ny CMe &ex —zy > x =y)}, 


me ©, (a, b) o3HauaeT penaTuBusaluio dopmyubl © (a, 6) Ha MHO*ECTBO Reg, 
“®, CR. osnayaer qopmyny (w) ({y, wu] — [c, uv). 

) Jlonyctum, 4To B anre6pe & BbIeMeCHbI SICMCHTHI P, C, J, £, a, 6, NA KOTO- 
BIX U (p, q) &V (c, 9, g, a, 6) uctuHHo. Torya mpoctpaHcTBo Ry, 6yzeT noz- 
JIreOpou, coyepxaei 3eMeHTEI a, b, OOmaaloujwe BHYTPH MR, CBOCTBOM 
5 (a, 6). Iipu stom uucao a-anemMeHTOB B Ny OyeT paBHO 4MCMY g-9eMeEHTOB y, 
| KOTOPBIX R, COJepKHTCA B QR, H, 3HaUUT, UNCO b-31eMeHTOB B NR, paBHo 
™, Tae fF — pasMepHoctT Re. 

) O6o3HauuM eme sepes W (c, g, 6) KOHBIOHKUMIO PopMyu 


® (xyz) (gx =x &(6, x) & Ic, yl & [c, 2] — (xy = xz -y =DE 
B & (sa) (le, ule xy -xz = xu)l; 

(xy) [gx =x & (6, x)& gy =y &(b, y) &X FY — 
a — (quvwer) (Ic, ul & [c, v] & Ic; w] & Ic, m1] & xU-xU = xW& 
& yu-yo = yw &wW = w)). 


Uctunnocts dopmysn W (c, g, 6) B anre6pe ®, cosep2xameh BbiZeeHHbIe 
WIEMeHTI c, g, 56, O3HAYAeT, UTO DJIA MIOOCTO PUKCHpOBaHHOroO b-9eMeHTAa X 


‘¢ BBECTH OMepallvio yMHOxmKeHUA ©&) NMOcpexCTBOM yculoBNA y WZ =U xy -xz= 
ex. 
_ Tlonycrum, uTo B & BbInomHeHbI akcuompl U,V, W (p, g, 0), 4 NycTb pasmep- 


IBHO UMCJIy BCEX BOSMOXKHBIX YMHOKeHUH Ha Rp. Ilostomy cpemu noganre6p 
p HaliyTcA mopaireOpbl, H30MOpuHbIe 060M Hanepey 3aqaHHon aer6pe 
a83MepHOCTH 72. 

7n%4. Tycrp 9% — Kakas-nu60 3aMKHyTaax qopMysa y3koro wcuncneHHa 
J€ENUKATOB. OTHOCHILAaAcA K KONbIaM. OGo3HauHM uepes YW (c, x) peHTHBH- 
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3auH10 Y% OTHOCHTeIbHO Rz, T. €. OTHOCHTEMbHO MHOKECTBA 3JIEMEHTOB WL CC 
CBOHCTBOM 


P (u, c, x) “£ (ay) (Ie, y] & uu = xy). 
[lomoxuM ele 
E (c, x) ££ (de) (P(e, c, x) &(u) (P (u, c, x) > ue =u &eu =U), 
Q (p, n) ££ (Axa... Xn) (pxr = x1 &...8 PXn = Xn & A axa +...+ OnXn + O)| 
rye KOHBIONKUMA /\ paciipocTpaHsAeTcH Ha BCeBO3MOXKHbI€ KOMOMHALMM 4HCel 
@1,...,Q,, OTMMYHBIe OT KOMOHHauuMM O,...,0 a =0,1,...,"%—1) 


UctunHoctb Q (p, n) o3HauaeT, UTO Mp, HMeeT Pa3MePHOCTb, HE MeHbIIIyIO ni 
BBowuM, HakOHell, O6O3HaYeHHA 


R (p,q) £U (p, 9) & B (q) & ©) ((q, ©) > (gab) X (c, 9, g, 4, 6), 
af (9) 2 (cgabx) ((q, c) & X (¢, 4, g, a, 6) & BX =X&(b, x) GEC, x) + UC, x)), 


rye X (c, g, g, a, 6) ecTb KoHbIOHKUMA cdopmys V (c, g, g, a,b), W (Cc, g, b) 
Jlemma l. Ecau dopmyjza W ucmunna na ecex aneeOpax Cc edunuyett 
pasmepHocmb KOMoOpelx MeHolWe n, no mopmysa 


“Q (p, n) & R (p, g) = HQ) 

WucCMUHHA HA Cex aAeeOpax. 

JlelicTBUuTeJIbHO, IYCTb B HEKOTOPOH aulreOpe § BbIJeNCHbI 9/IEMEHTHI P, J, 
g, a, b, * co cBotctsamn 9 Q (p,'n), R'(p, @).0(G, Chae. (CG Gee) ee 
att (Ose ae (c, x). Torga amreOpa Re GykeT UMeTh pasMepHOCTb, paBHYH 
pa3mepHocTH R., T. €. OyeT HMeTh pasMepHocTb, MeHbUIyIo n. Kpome Tord 
R- OyeT UMeTb eMMHUILy U, 3HauNT, YM (c, x) GyeT UCTHHHOM cdopmyso‘n. 

JlemMa 2. Ecau U roocna na nexomopoti anzeOpe KoHe4LHOu pasmepHocint 
n, umeroued eOUHuUUYY, mo dopmyaa 


Q (p, n) & R (p, g) > 74 (9) 

UCMUHHA HA BceX aNzeopax. 
IlycTb B MpOn3BOUbHOH amredpe R BbIPeeCHbI 3JICEMCHTHI P, J TAK, 4TO Q (p, n 
u R (p, g) uctunusl. Torga BR, HalimeTCA N-MepHOe MOAMpOcTpaHcTBO, KOTOPO! 
Oy eT NPHHAaexkaTb HEKOTOPOMY q-3JIeEMeHTY C. Tlostomy B ® HalizyTca g, a, D 
IA KOTOPBIX Rg Oyner noyamre6pok, comepxKamet a, b uw uMeroulel m”™ D-a1€ 
MeHToB. Capuraa 2, TIpH MOMOILM 3THX b-3/IeMeHTOB, MOuyIuM 1” nomamred] 
Re, CpeqH KOTOPEIX HalijeTcA HU NOJanreOpa c eqMHUeH, B KOTOpOH dopmyul 
Y% moxHa. Takum o6pa30m, B® dopmMyna “M%(g) ucTuHHa. 
JlemMa 3. Ecau omnocsyueca K KoAbyaMm Cc eOUnUYel 3amKKYyMmole dopmyA 
Y% KoHe4HO Onposepocuma, a dopmysa B KonexrHo ucmunHa, mo dopmyaa 


(pq) IR (p, q) > (%(q) = BQ))I (J 


uUCMUNHA HA 6CeX AAeeOpax. | 


Ilyctb % moxHa B HeEKOTOpO n-MepHol amreOpe c equHunei. Torga, cc 
riacHo memMMaM | u 2, cbopmywbI 


“Q (Pp, 2) &R (p, g) > BQ), 
Q (p, n) &R (p, g) = %(q) Y 


HCTHHHbI Ha BCeX asIreOpax, H, CJI€qOBaTeIbHO, Ha BCeX aslreOpax HCTHHHA hor 
myvia (1). 

Jem a4. Ecau dopmyna B aowcna 6 nodxodsuyet xonernolt aneeOpe c ed 
nuYel, a dopmyra Y ucmuHHa 60 6ceX KOHELHOLX ANeeOpax c eOUnUYel, mo a 
mynd (1) Ha nodxodsueti Konexnot aneeOpe c eOunuyerl AOOICHQ. 
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: 
_ [WA WoKasaTenEcTBa STON JeMMbI HAO, 3Had n-MepHyio areOpy Kc eqn- 
ulleH, Ha KOTOpoH B 0x*KHAa, MOCTPOHTh KOHEYHOMepHyto0 asireOpy c 21eMeH- 
aMu p, J, Ha KoTopoi R (p, q) u Y (q) Obiiu Obl ucTHHHI, a B (q) noua. TMo- 
TpoeHue TaKoli aireOpbl aHaJIorH4HO MOcTpoenuio, yKa3saHHomy B (1). BBngzy 
€KOTOPOH TPOMO3KOCTH MBI ero 3yeCb OMycTHM. 

n° 5. Iyer A*, A* — npousBoubHble HemepeceKalouluecsd peKypCHBHO Nepe- 
HCJIMMbIe MHOMKECTBA HAaTypPaJIbHBIX uncet. B (1) yKa3an accdeKTHBHbI cmo0co6, 
O3BOJIAIOMIMH 10 HOMepam Ilocra — Kaunu myoxects A, A? noctpouts mo- 


r ; 
meqopaTebHocTH dopmyn W%; (A =1,2;j =0,1,2,...), orHocamuxca x 
OJIbUaM HW TaKUX, YTO TOA u TOMbKO Torga m EA’, Kora %, moxKHA Ha He- 


OTOpOH KOHeYHOH avreOpe c equHuyel. PaccMoTpuM mocmeqOBaTebHOCTb 
OpMy I. 


®m = (pq) IR (p, 9) > (Mh (9) = W, (QI. 


-CorgacHo slemMao 3, 4, ecuu m €A}?, To ©,, TouRTeCTBeEHHO UCTHHH4, CCH 2Ke 
BE A?, TO M,, KOHeYHO OMpOBepxKHMa B Kwlacce aure6p c equnHunen. Mnpmu 
JIOBAMH, J00ac Mapa HelepeceKaloulNXCA PeKYPCHBHO MepeuHCJIMMbIX MHOXKECTB 
j?, A? pekypcuBHO cBogquTca K nape MHoxects T (L), F (L). Beps B Kauecrse 
A, A? acekTHBHO HeOTICIUMY!IO apy WIM Ke MOb3yAcb Teopemoli MyunuKa 
), HemOcpecTBeHHO s3akuI04¥aeM, 4TO Kapa JT (L), F (L) Trakxe sddekTuBHo 
jeoTeNUMA. TeM CaMbIM JOKa3aHa: 

_ Teopema 1. Muxosxecmeo moocdecmeeHno ucmunnolx dopmya u MHO- 
WeCNGO KOHEUHO ONpoeepoxcuMbLx PopMYA HA KAACce BCeX KOAeL, NPocmot xapaKkme- 
JUCMUKU Cc eOunUYel addexmusHo NeomoeAumet. 

_ Ucnompsya, kak HB (7), COOTBETCTBHE MeKLy KOUbIaMH UM rTpynnamy, npu- 
KOJMM K BbIBOJY, 4YTO BMecTe c TeOpemol | cnpaBegzmuBa TakxKe 

 Teopema 2. Muxoorecmea dopmyn moocdecmeeHHo UCMUHHDLX U KOHe4LHO 
MposeprxcumMbLX HA KAacce ecex metMabenceolx epynn c mooKdecmeom x™ = 1, 
1 makoe HA KAACCE BCEX KONeU XAPAKMepucmUKU TM = 3, 5, .. . C MooKdecmeamu 
Ky = — yx, x-yz = xyz =0 obexmueno neomdeaumol. 

_ V3 Teopemp 2 cueqyeT, YTO yKasaHHble MHOxeCTBa (tbopMya atpdeKTHBHO 
HEOTJCMMBI TaKKE VIA Kacca BCex rpyln, Kacca BCeX aCCOMMAaTHBHBIX KOJIELL, 
Klacca BC€X JIMeBbIX KOJel H T. 0. 


Tocrynuso 
i 17 IV 1961 
? 
} LWMTHPOBAHHAA JIMTEPATYPA 
® 1A. YW. Maapues, JAH, 138, Ne 4 (1961). 2B. A. Tpaxteu6port, JIAH, 
88, No 6, 953 (1953). 3 A. A. My uuu k, Tp. Mock. matem. o6m., 7, 407 (1958). 
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Jlokaaynpn Akagemun nayrx CCCP 
1961. Tom 139, M4 


MATEMATHKA 
10. HW. MAHHH 


O AHOPAHTOBbDIX YPABHEHWAX HAY ®YHKIMOHAJIBHbIMU 
NOJIAMU 


(ITpedcmaseaeno axademuxom H. M. Buxoepadoeum 16 III 1961) 


1. Uspecrnaa Teopema 3urena — Mauepa (1~*) yrBepxKaaeT, 4TO Ha J1060H| 
KpHBOH poga > |, ompexeeHHOH Ha KOHCUHDIM pacliMpenueM k Moa palMo-| 
HaJIbHbIX YHCe, J@KHT JMWIb KOHeYHOe YHCIO TOUeK, KOOPAMHATbl KOTOPHIX| 
HpHHaLNeExKaT WOO k UW MMeIOT B 3HAMCHATEAX TOJIBKO IIPOCTble JMBH3OpbI MONA 
k M3 3aaHHOro KOHEYHOrO MHO*KECTBA. OTA TeOpeMa, a TaKKe Oomee CHIbHAA, | 
HO JJO CHX MOp He AOKa3aHHaa rumotesa Mopyenna (*) 0 KOHeYHOCTH 4MCMa pa-! 
HMOHAJIDHBIX Hay, MoseM k TOUeK Ha KpHBOM pofa > 2, RomycKaeT nepenecenHe} 
Ha calyual (yHKUMOHAbHOrO NOMA KOHCTaHT. Jleur (3) BbICKa3a/I MO STOMY TIO- 
BOLY HECKOJbKO OOWLMX 3aMeuaHH MU NOKa3aJl, TO IpMHaexKallui Suremio uy} 
Masepy MeTO JOKa3aTebcTBa pacmpocTpaHAeTcA TakxKe HW Ha (PyHKIMOHAJb- 
HbIM Clyyal; pH 9TOM, pa3syMeeTCA, MPpHXOMUTCA CyULeCTBeHHO OMMpaTbcA Ha} 
(byHKIMOHaIbHbIM aHasor TeopeMbl O pu6mMxKeHHA Ty 3 — Surena — Pora. 

B HacToAulelH 3aMeTKe aBTOP CTaBHT CBOeH Ie/IbI0 WOKA3aTb, 4TO B (PYHKIHO-| 
HaJIbHOM CJlygae Teopemy Surena — Manepa, a Take runotesy Mopsenna A141] 
HeKOTOPOrO KJlacca KPHBbIX poga > 2 MOXKHO NOY4IHTS C MOMOMIbIO COBepIeH-| 
HO MHbIX MPHHUMNOB, YMCIOBOH aHaslor KOTOpBIX HeHsBecTeH. IlepBoe, TOBOMb-| 
HO OOULee, XOTA H HECOBEPINeCHHOe H3102%KCHME UX WaHO B padoTe aBTopa (°), HO} 
6e3 KaKHX Obi TO HH ObIN0 MpuMeHeHu. [IpumowKenne KoncTpykuud (°) K quopan-| 
TOBbIM 3a,a4aM Mbl IIPOMJIJIIOCTpHpyeM 3feCb Ha IIpHMepe dMMNTHYeCKHX KpH- 
BbIX. OOULMH Cy4al aBTOp MpesnomaraeT paz06paTb no3%Ke. Huxke 6yzeT Wau! 
HaOpOcokK JOKa3aTeIbCTBa CJIeNYIOWHX AByX TeOpeM. 

Ilyctp & — anreOpawuecku 3aMKHyTOe mome XapakTepucTUKH HyJb; K — no-| 
ne DyYHKUMK OHO NepeMeHHOH Hay momem KoHcTanT k; L — none byHKuuH poral 
eqMHuna Hay mouemM KoHcTaHT K; G — MuoxKecTBO MpocTslxX JMBM30poB (ToYeK), 
a Sx — MHOKECTBO MpocTelx FMBU3Z0pPOB MepBo cTreneHu noma L/K; h — MuHO-| 
MKECTBO MpOcTbIxX JUBM380poB Noma K/k. DaeMenHTsl MHOxKecTBa S Mb 0603HadaeM 
OykBamu 9, Q, O c MHMeKcaMM; 3eMeHTb! MHOwKecTBAa h — GyKBaMH P, q 
Jina moSoro 31ementa v GL cumBon Uy — sHayeHue (yHKWHH Vv B TOUKe 
; CUMBOM Voy (Vv) — nopaqoK sbyHKuan v B TOUKe P; cuMBouEI (Vv), (V)o, (2). — 

OOTBETCTBEHHO JMBH30P, AUBU30p Hyweli M WMBM30P MomMOcoB tbyHKNMA ZV.) 

OBeCPWICHHO AaHaOrH4Hble OOO3HaYeCHHA Mbl MpHMSHAeM K 3JIeMSHTaM MONA) 
K/k W MX (uBu30paM; MyTaHHia MOXKeT BOSHUKHYTb AMS ecu smemeHT a GK 
Mbl pacCMaTp4BaeM Kak KOHCTaHTy noma L/K, Ho TOUMbIA CMbICA Oy eT KaKAbIM 
pa3 AceH M3 KOMT2KcTa. Haxoweu, Msl OyeM C4ATaTh, 4TO He CyMLecTByeT Takoro) 
noua Li poqa equHuna Haq nomem Kotcrant k, aro LK =Lik yaa HeKoToporo 
pacuiupenua AK noma Konctant K. | 

Teopema 1. [Tycme v€L — awban nenocmoannasn dynxyua nora Ly 
aS — h— soe Konexnoe mHoowecmeo mouex noan K/k. Cyujecmeyem moaoke 


KOHe4LHOe MHODMKeCMBO Mo4eK QE Sx, Ora KOMOpoLX OUBUZ0P (Vg), Cocmoum Aue 
u3 mowek muoocecmea S. 
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Teopema 2. JIycme v€L — aban nenocmosnnar gynkyua noas L, 
umernuan KpamHolx Hye, m D> 3 — soGoe YeAroe 4UCAO. Toeda nore L (uv) 
eem moNbKO KOHeUHOe 4UCAO npocmelx Oususopos nepeotl cmeneHu HAO noseM 
oncmanm K. 
Jina MpocToThl MbI copMyHpoBasH TeOpemMy 2 He B CaMOl CHIbHOH dopme 
Wake JIA 9JIMMTMUeCKOTO Cy¥an. CMBbICJI €€ COCTONT B TOM, 4YTO AOCTATOUHO 
CHJIbHO pasBeTBJICHHOe HaKpbITHe S/JIMNTHYECKOM KPHBOH Hay PyHKWMOHAaIbHbIM 
MOJIeM yOBUIeTBOpPAeT PuMOTESe Mopzemta. 
9. Hanomuum cHayama u3BecTHEle (pakTbI U3 Teopun pacnpeyenenun A. Beli- 
qi. PaccMaTpuBaeTcsd MHOKECTBO (byHKUMH, OMpeyeueHHbIX Ha BC€X, KPOMe, 
BO3MOXKHO, KOHeYHOrO wMcMa, MIpOcTLIX AuBUsOpax U3 G, M_ MpWHMMAIOUIMX 
gHaYeHUA B pyle AMBU30POB NOVA K/k. Jipe takue dyHKuun f, g HaSbIBalOTCA 
SKBUBaJICHTHBIMH Ha HEKOTOPOM 6eCKOHe4HOM NOJMHOxKecTBE HX OOMACTel Onmpe- 
emeHua, ecu o6a oTHomeHua f-lg u fg-* (TaM, rae OHM OMpeeseHbl) WeAT 


HeKOTOPpbIii (PHKCHPOBaHHHI TMBU3Op NOMA K/k; mbt wuutem torma ff ~ g. 
A. Belinp astbcbeKTHUBHO ONpeweiAeT Kacc TAKUX (byHKUHH, B3aMMHO-OAHO3HAYHO 
OOTBETCTBYIONMX AuBUsOpam Y% noma L. Vimenno, yukuua %(Q) pasHa 


1], (Q)%, ecru % = |] 9%, a cucrema hynxunit $(Q) ana Beex PCS 


OualaeT CAELYIOULMMM CBOLiCTBaMUM: a) PyHKUMA % (Q) SKBHBAaJICHTHA ILeJIO- 
BHAUHOM (pyHKIUMM uM ONpeszemeHa BCIOAy, KpoMe Q =P; 6) ecru P, + P2, TO 
H. 0. A. (P1 (2), P2 (Q)) ~ 1; B) qua mo6oro suemefita v CL dyHkHy (Ug) 
(v) (Q) 9KBUBaJICHTHEI. 

"Jina mo6oro MHoxectTBa S MpocTbIxX THBU30POB MOA K/k u mro6oro AuBus0pa 


4 == {| pe? MOOXKUM 6, = I Do Ge aas 


a pres 
Be ger. uTO JWI JOOOL Mapbl TOUeK JP, += P. cyWecTByeT TAKOe KOHEYHOE 
rs S rouex noma K, aro H. 0. A. (, (Q), Bo (Q))s = 1; Kpome Toro, 


Torga u3 cBOiicTB a), 6), B) 


\OU€BUAHO, CTEMEHH NPOCTHIX AMBU3OPOB, BXOAAMMX BH. O. A. (%, (Q), Po (Q)), 
\OrpaHvueHbl. 
3. Toxa3arenpcTBa Teopem | 4 2 OyAyT NpOBOAMTCA 10 oourei cxeme. Byk- 
a v OyfeT MOcTOAHHO OGO3HauaTb PyHKIHIO, (bHrypHpylolly!0 B yCJIOBHH JO- 
a3biBaeMOlH TeOPeMHI. 
| TIlycrp sta TeopeMa HeBepHa; Tora CyllecTByeT Takad 6eckOHeuHaA TocJe- 
JOBATEJIbHOCTB {Q;} ToueK Ox, 4TO H00 (Va,)o= (Y0,)os» J1H60 TMBU30p (Vg,)o 
“IBaeTCA m-ii cremeHpio, m 3. V3 cyemaHHOrO OTHOCHTCIbHO MOA L mper- 
oMOKeHUA cseLyeT, UTO BEICOTH! TOueK 2; HeOrpaHHyeHHO BOspacralct, 
‘. ©. BospacTaioT cTeneHH fuBM30poB (Vq)o (cp. ()). Ho (a)o~ 
'— (v), (Qi). Orciona cuefyeT, YTO ec HeBepHa Teopema 1, TO cymlecTByeT Ta- 
‘KOli mpoctoli quBusop D € © u Takad TouKa P ES, wTOVp = 0 H Vp (BD (Q)) -~%; 
leculu 1Ke HeBepHa Teopema 2, TO JIA JOOOTO KOHeCYHOrO MHOKECCTBA S JMBu30- 
‘pos noua K/k cremeHu 10 Kpaiineli Mepe OAHOH U3 moculeqOBaTeIbHOCTeH JMBH- 
sopos D(Q)s u O(Q)s; HeorpanwueHHO BospacTaicT, mpuyem 9 (Q:)5 = 
wr, 
| Pacumpsa B cayuae HeOOXOquMOCTH MOuIe K, Mbl MOXKCM CHHTaTb, UTO 
D € Gx. Touxy D BpiGepem B KayecTBe HyJIA PpylloBor 0 3aKOHA Ha MHOMKECTBE 
Sx, KOTOpHIM ompezeiuM OObIMHbIM o6pasom, movaran Py + Yo = 3, ecuH 


PBiYPs 


(asusop “Sy, raBHblit. 

" 4.O0cHoBHAaA AEMMA. TIycme t €K — aoboti HenocmosHHoll 9.1e- 

menm; 0 — eduncmeenHoe Ouchepenyuposanue noasr K/k, Oaa KoMopoeo ot =1; 

‘0. — edurncmeennoe npodoasicenue OudpepenyupoeaHUuA 0 na none L/k, yooerem- 

‘Gopsuowee paseHcmey 0,0 = 0. Iycme ewe o = u dv — Ouqppepenyuan nepeoeo 

“poda noas L/K. 

~ Tozda: a) cywecmeytom anemenmo: a,bEK uw €L maxue, 4mo (02u + 

ott + bu) dv =dw; 6) omoOdpasenue w: Gx —K,’ onpedeneHHoe Onn 6CeX, 
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Kpome KONe4HO2O 4ucAa, mouek Q2€ Sx hopmysou 
p (Q) == Wy — Wp +. Aug Vg + (dy) g 00g —- O (Up 00g), ( 
MOOKCHO OOHOSHALHO Ooonpedeaumb mak, uMOOeL OHO CInaAO 2eomomopdusmom epy 


nor Sx 6 addumueHyto epynny noan K. MOpo atnoeo zomomopdusma cocmoum moa 
KO U3 mouek KOHeXHO2O NopsAOKA. 


o 
3amMeTHM, 4TO SBpHcTHYeCKH p (Q) = (0 + ad + 4) \ u dv; Kpome Tor 


© 
o6pa3 romomopdu3Ma  B CHsy Teopembl Mopyensma — Beta — Hepona a 
JIseTCH KOH€UHOMepHOH peuleTKoH B AK M MOTOMY COCTOMT M3 3JIEMeCHTOB TIO 
K/k orpaHwueHHon cTemeHu. : 

OcHOBHBIe He JOKasaTeIbCTBAa STOFO YTBepKJCHHA (IA KPHBOH 1060 
poya) coyepxKatca B padore (°). 

5. Mb n0kaKeM, 4TO eculIH TeopeMa | uM TeopeMa 2 HeBepHa, TO B COBOKY 
HocTu {uw (Q,)} GyRyT comepxaTbceA PYHKIWH C HYJIAMU CKOJIb yYFOHO BLICOKO 
MOpALKa WH CO CKOJIb YrOXHO OOJIbIIMM KOJIMYeCTBOM Hye. OueBHHO, 3 
HaXOJMTCA B MpPOTHBOpeyHH C TOJIbKO 4TO CeJIaHHbIM 3aMeuaHHeM. 

TIpexme Bcero OTMeTHM, ¥TO B Popmyvie (1) MOXHO NOMOKUNThWop = 0. B ca 
MOM jlesle, H3 Hee cuIefLyeT, UTO Wp =F OO, A TOPa BMeCTO PYHKIMH W MOKH 
B3ATb W — Wp. 

Ilycth HeBepHa Teopema 1; Torga, Kak B I. 2, Vp (D (Q,)) = co AA HeK 
Topol TouKH PES u Moce_OBaTebHOCTH ToueK {Q,}. M3 NpHBeeHHEIX B I. 
pe3ybTaTOB TEOPHH pacnpeseeHHH CueqyeT, YTO WIA WHOOOTO JeMeHTa x E 
CylllecTByeT TaKkKad KOHCTaHTa Cc > O, 4TO 


| Vp (%a,) — Vo (x) Vp ( (Bz) | See ( 


MbI TIpHMe€HHM 9TO HepaBeHCTBO K (YHKIIMAM UW, V, W, Opll, OTMETHB, UT 
ne 
Vp (Jott) > Vo (tt) =Vo(Z_)>— vedo) =1—vp(o). 


Hakonen, novlarait € = Vy (dt) + 1, 3ameTuM, 4TO Ja mo6oro ameMeHT: 
g€K cnpapeqiuso HepaBeHcTBO | 


¥p (02) > vo (g) —&- (4 
Kom6unupysl HepaBexrctsa (2), (3), (4), momyuaem 
Vp (Ag, 00g, ) > Vo (2) +hvp (B (Qz)) —C —e > 00, 


Vp (Cott) 0, 00a; ) > Vp (© (Qz)) —¢ —e > 00, 


iL 


Vp (0 (tp, 80p;)) > Vv (D (Qs) ¢ — 2e > 00. 


Hakouell, NOCKOJIBKy Wp = 0, TaKKE Vy (Wg,;) — oo. Kak cxa3aHo, 9T0 qae 


Vp (u (Q,)) > © M TpHBo_NT K npoTHBOpeuuno. 

IlycTb Tenepb HepepHa Teopema 2. M3 TombKO uTO ROKasaHHOrO cuenyel 
4TO, B OOOZHAYEHUAX TI. 2, cTeneHH WuBU30pOB DH (Q,)s OrpaHwyeHb, U, 3HaUHT 
BO3pacTaioT CTeMeHH WMBUusOpOB H (Q,)>, KAKOBO Obl HH OblIO KOHeEYHOe MHC 


2%ecTBO S Touek noma K/k. B 5TO MHOXKECTBO MBI BKJIIOUMM BCE JeUTeIN SHAME 
HaTeA KOSPPHUMEHTA A HU BCE JUBU3OPbI P, AIA KOTOPbIX CyllecTByeT TOUK 
Qi c Vp (D (Q:)) = 0, a B HepaBeHcTBe (2) c x =U, U,W, Opt KOHCTaHTy 
H€Ib3A MOJIOXKUTh paBHOH HyJO. KoneunocTb Takoro MHOxecTBa S cuelyeT u 
pesyIbTaToB m1. 2. Hakonell, BkKOGHM BS BCe P, AIA KOTOPBIX Vy (df) = C 
Tce ares 
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’ Tlyctb vy (9 (Q,)) = 0; Torma vy (D (Q,)) > m > 3, u mpu péS umewr 
fecTo CNELYIOULME OMeHKH: 


Vp (Wa; ) = V5 (@) Vp (B (2z)) > m, 
Vp (Ailp, d0p,) > vp (DQ) —1>m—1, 
vp ((Jot”) 9,000; ) > Vp (2 (2) — 1 > m—1, 
Vp (0 (Ug, 00g, )) & Vp (D (Qi) — 2 >m— 2. 


= 


i 


Us nux, owesugHo, ceqyer, uTO cTeneHH THBU30pOB (U (Q,))o5 HeEOrpaHHyeHHO 
BOspacTaioT, a 3TO CHOBAa jlaeT TpeOyemMoe MpoTHBOpeyHe. 

6. J[1s Toro uTOObl MOKa3aTb B paBHJIbHOM CBeT€ CMBICJI OCHOBHOM KOH- 
CTPYKUHH JIEMMEI, yKaxKeM OOM pesybTaT 9TOrO Tuna. IlycTh K — peryasap- 
Hoe paciliMpenne amre6panyeckH 3aMKHYTOPO NOMA k HYeBOH XapaKTepHCTUKH. 
forza movcHO nocmpoumb aarzebpauuecku-dugqepenuyuanbnoltt eomomopqusm 
epynnet AK payuonanbyeix Had K mouek abenesa mHozooOpasua A, onpedenennozo 
¥a0 nonem K, 6 npamyto cymmy KOHe4HOZO 4uCAa AOOUMUBHOLX epynn smozo NOAA. 
D603HauuM cuMBouoM (B,t) K/k-cnen MHOroooépasua A. B a0pe ynomanymozo 
Pomomopusma o613aMeAvNO codepscumcA nodepynna, nopoocdeHHas-ecemu mo4- 
Kamu KoHe4NoOzO nopAOKA U moukamu nodepynno. TB. ABTOp UpesnomaraeT, 4TO 
IMUM AOPO U UcuepnoleaemcaA, XOTA OOMAamaeT (AHANMTMYeCKUM) JOKA3aTeJIbCT- 
BOM STOO (akTAa JIMIb B Cy4ae, KOFa BLIPORKJeHHbIe CHEMMAIMsaUA Hay, 10- 
mem k mMHorooOpa3sua A umeroT mpoctelimmui Buy. (Cp. (°), rae nO cymecTBy 0O- 
BOJIbHO MO POOHO pas00paH CulyyaH AKOOMeBA MHOTOOOpa3sHA Hay, OMHOMEPHbIM 
MOJIEM KOHCTAHT.) ITOT pesyJIbTaT BMecTe C (PaKTOM PaBHOMEPHOH HEIIpepbIB- 
HOCTH PpaCCMaTpHBaemMOro TOMOMOP*u3Ma OTHOCHTeIbHO ToNOMOrHH rpynnm Ax 
wu AK, MOpoxwKeHHBIX JJMCKpeTHBIMM HOPMMpoBaHusaMA Toma K, urpaeT OCHOBHYIO 
PpOJIb B IIPHO*KeCHHAX K JMOaHTOBy aHaJIH3y, YTO HM HajleAJICA MOKA3aTb ABTOP: 
Ha pa30OpaHHOM mpuMmepe. 


_ Maremaraueckuit uHcTHTyT uM. B. A. CrekJiopa [locrynusio 
Axkajzemun Hayk CCCP SUE Helen 


LWMTHPOBAHHAA JIMTEPATYPA 
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@K. Mahler. J. f. reine u angew. Math., 170, 168 (1934). *® W. D. Lang, Inst. des. 
‘Hautes Etudes Sci., Publ, Math., 6, 27 C960)" * bo M or dell, Proc: Cambr. Phil. 
[Soc., 21, 179 (1922). 510. HW. Mauun, Hsp. AH CCCP, cep. matem., 22, 737 (1958).. 


M4 


f 


fe ee ee a ee ee 


Jlokxagn AkawemMun Hayk CcccP 
1961. Tom 139, Ns 4 


B. H. MALLAEB 


O BOJIBTEPPOBbIX OMNEPATOPAX, NOJIYYAEMbIX BOSMYLIEHHE 
CAMOCOTIP SDKEHHbIX 


(ITpedcmaeaeno axademuxom A. H. Koamozopoeum 16 III 1961) 


1. Mbl 6yneM mpHyepxKuBaTEcA onpemeeHHH HU OOOSHAYeHHH, Mpenlowme 
HbIX B (+), 

B mocueqHee BpeMa nosBUscaA pa pa6oT (2-4), B KOTOpbIX HccmeLyeTca 3 
BHCHMOCTb MexK]y CBOMCTBAMM CIeCKTPOB SPMHTOBLIX KOMIOHCHT BOJIbTeppO 
onepatTopa. B HacTosmeH 3aMeTKe OyyT yKa3aHbl JaJIbHeHUIMe Pe3yJbTATHI | 
3TOM HallpaBJICHHM, MOJITYYeHHbIeC METOOM, OCHOBAHHOM Ha TeOpeMaX O ILeJIb 
yHKUMAX M3 3aMeTKH apTopa (°). 

Ham noHaqoOaTca cemyioulue mpeqwioxKeHHa. 

A. Ecau yeaan gdynkyua f (A) Oonyckaem ouenky cHu3sy 


F()|Sexp{—T(Gp)} (re =lA|, 0 =arg a), 


20e T (t) — HeyOoleatowjaa HeompuyamenbHaa HenpepoieHo Ougddepenyupyem 
gynkyua, T (0) =T' (0) = 0, | (0) = 1, no yong aincece Bont 


n ¢ T(t) 
OTe oe eae 


20€ Am —HnyAU ynKyuu f (dr). 

Uepes L (r) (umm Li (r)) B JanbHemiem OyzeT O603HaYaTBCA MeJJICHHO Uy 
MeHAIONLaicd yHKUHA, T. e. byHKuMA, Ama KOoTOpOUL (r) > Ou rL’ (r)/L(r)= 
IpH r — oo, | 


B. Ecau yeaas dynxyus f (A) npu nexomopom p > | Oonyckaem oyenky cH 


| 7 (A) | > Cexp \- Gaon Ly Gasne ; 


mo n(r) =O (r°L1 (r)), 20e n (r) — 4ucno nyaetd dynkyuu f (A), aeorauux 
Kpyee |X| <r. 

IIpeqnomaras, uTo Hy {a;} weno myukuuu f(A) pactonoxeHbI B NOpsAt 
BO3PaCTaHHA UX MOLyseH, MOXKHO yTBepKaTb, YTO MOCMeTHee COOTHOMIEHHE 91 
BUBaJICHTHO cmeqyroulemy: |@n |"! =O (n—VeL (n)), rye L (r) — MeqeHHo Uu: 
MeHAIOULadca (yHKUMA, ONpeqeineMad M3 yCNOBHA, 4YTO (PyHKUHH 1 (7) = 
=rLi(r) u ge (r) = rL(r) apaaiorca pu OCTaTOYHO OObINIMX 7 BSAHME 
OOpaTHBIMH. 


C. Ecau yeaaa dynxyua f (A) Oonyckaem oyenky cHusy 


F(4)|>Cexp {-(-5-)} <0), 


m0 


MEME OK oe 0 ee 
\ pee dic, pate prem ( 


$10 


Ha ocHosanuu ogo Teopempr M. Kaprtpaiit (cm. (°), crp. 315) coorHomienua 


) pmeKyT 3a coOol cCymjecTBOBaHHe H KOHCYHOCTh MpefeoB lim i a 
' sal 


om aT rye a+ mw a — COOTBeTCTBCHHO MOMOXKUTSIbHBIC KOPHH MH MOVIN 
1 

puWwaTebHBIX ‘kopHei pyHkuun / (A), 3aHyMepOBaHHble B MOpAAKE pocta. 

 Tipeqnoxenue A nomyyaercs u3 pesyIbTaTA, OMeHCHHOPO B KOHILe pa6otpI (°), 

uu B HEM nONOKUTS a(t) =p, k =1. 

“Tipeamowxenue B WoKaspipaeTca Tak xKe, KaK TeOpeMa H3 Cy, 

‘peqnomenue C, 6mu3Koe K culegcTButO B (°), BHIBOQMTCH H3 TeCOpeMbl 3TOH 

ATbH HeCKOJIbKO CJOxKHEE. 

STeopema 1. Mycms A =G+ i (G =" (A+ A")) — eoromeppoe 

epamop. Ecau HES, (1 <p <v), mo GES, u 


|G |p <0 | A |p, (2) 


C, —Hekomopasa KONCMaNMa, 3aé6ucMyaAA AUULb OM Pp. ITpu amom, ecau nod 
NOHUMAMS HAlMeHoIUWytoO 6 (2) KoNcMaHnmy, mo 


C= Gr ps 7 — 1). 


| Bosee cmaGoe yTsepxkenue Gti0 usBectHo 1. I. Lox6epry u M. T. Kpeituy 


le 
1 
q 


; 


; 


’ 


mM. (’)) 


Teopema 2. [ycmo A =G + il — 60oromeppoe onepamop. Toeda, 
mu s,(H) =O (n-VeL (n)), 208 In 082s 01 Sa G90 (eel (n))" 

_HameraM foKasaTebcTBa 9TUX TeopeM. Tlomaraa Ry, (G) =(/ — AG)" a 
aMewaa, ¥TO 110 ycloBuaM TeopeM | u 2 [HR (G) |? @ G1, paccmoTrpuMm dyHKuHIo 


: f (Q) = I/det UI + 42 (HR, (G))?). (3) 


) Tax xak/ + A? (HR, (G))? = ([ — AA *) (I — AG)** (I — AA) UE — NG)s*, 
A — BoulbTeppos onepaTop, TO 3HaMeHAaTeJb B (3) He OOpaulaeTcaA B HYyJIb U 
QO) — nenaa dyHKuun. MoxkHO 10Ka3aTb, ATO f (A) o6pauyaetca B HYJIb JIMLIb 
XapakTepucTH4yecKUX YHCMax OMepaTopa G, IpH4eM KpaTHOCTb Kaxk Oro. KOp- 
bi f (A) paBHa yqBoeHHO! KpaTHOCTH cooTBeTCTByIOMlero XapakTepHCTHTeCKOrO 
wea G. Kpome Toro, nomb3yxcb HepaBeHcTBaMH I’. Beta (°) uw TeM, 4TO 
j(HR>) < s; (H) |Rx|< s; (H)/|sin 6!, merko noayyaem * 

b co 


4 r2 : 
TF) | <II( ae ene i) (4) 


[lpa yenosuax, HaoxKennblx Ha s; (H) B TeopeMax 1 u 2, mpaByto uactb (4) 
fOYKHO OI[CHUTb TAK, 4TO K ynKmuH f(A) OyAyT IpHMeHMMb! MpeATOReHHA Aun 
3. Orcioma cmenyeT Teopema 2, a TaKxe Teopema | mpu Lape Jallpn p= 2 
feopema | cosmagaer c Teopemoii JI. A. Caxuosuya (7) (KoTOpad TakxKe MOKeT 
SITS MOMYYeHA AHAIMTHYECKU, O€3 HCMOMb30BAHHA AKCHOMDI IlepMeo, B OT- 
tmuue of (7, 3)). IIpu p > 2 Treopemy | u pasencrBo Cy = Crlpee gs 3D) 
*KHO BLIBeECTH M3 cayuaa 1 << p <2 c MOMOMIpIO OOuleH TeOpeMbI 2 nae (7) 
3aMeTHM, UTO B YCJIOBHAX TeOpeMbl! 2 MOXHO MOKa3aTb HepaBCHCTBO 
lim nes, (G) [L (n)I> < C lim nes, (H) (L (n)]-1, rae Koucranta C 3aBvcuT 
MMilb OT p H tr) 

2. ChopMymupyem Tpu TeOpeMEl O BOUIbTepPOBEIX OlepaTopax, MOLY 4aroulu X- 
§ BOSMYI[CHHeM HeOTpHLaTeIbHOrO OMepaTopa. 

Teopema 3. Hycms A=F-+ T —eorvmeppoe onepamop,  20e 
— F* — neompuyamenonout onepamop, a TES, (p > */2). Toeda FEGp 
|Flp<C,|T\p, 20e Koncmanma Cy, saeucum Aulus om p. 


> 
i) 
b 

? 
} 


* Ha Bo3MOxKHOCTh MpHMeHeHHa HepaBencTs I’. Beta B TaKoro pola OIleHKax o6p atu 
HuManue B. B. JluacKuit. 
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Teopema 4. IycmbA =F + T — edsomeppoe onepamop, ede F =F* 
HeOmpuuameNoNolll onepamop, A Sp (T) =O (n—-Ve L(n)) Cle < @ < 1), moa 
u si (F)= 0 (nL {n)). 

Teopema 5. Ilycmb A = F + T —éoromeppoe onepamop, 2de F =F*| 
norowcumerbnolli onepamop, a T&S, npu p < 1/2; moeda cytuecmeyem wu KOk 
gen npeder lim n?Sp (F). 

Teopempt 3 (mpu 4/2 < p < 1), 4 u 5 nomyuarorca MmpHMeHeHueM TIpeyst 
enn A, B u C k cdbyuKkunn f (A) = g (A*), rme g (A) = I/det J —iATR»(F 
WIA KOTOPOH MpOXOMAT paccyKeHUA, AHAIOPHYHBIe TEM, KOTOPbIe MpOBOLAT 
IIpu MoKasaTespeTBe Teopem | u 2. IIpu p > | Teopema 3 cnenyerT u3 TeOpeMEr | 
a mp p = 1 — u3 Teopempl M. I. Kpeitua (°). | 

Tlo nopozy TeopeMbI 4 MOXKHO Takx*Ke 3aMeTuTD, 4TO lim nVes, (F) [L (C)]=44 
<C lim n¥s, (T) LL (n)l-4, rae Koncranta C 3apucuT smb oT Q u L (4 
M. T. Kpetu u aBtop mpegqnouararT, uTo B Teopeme 5 ycuoBHe p < 14/2 Moxi 
3aMeCHUTb yCIOBHeM p = 7/2, ‘CnpaBesIMBOCTb STOFO NpemNOOKeHUA Obla p} 
Hee yoka3aHa M. I. Kpelinom npu ycoBuu KOHeYHOMepHOCTH MHHMOH KOMI 
HeHTHI A. 

OrmeTuM, 4TO npenioxenua A, B u C MoxHO O606uluTh Ha MepoMOpdHE 
dbyHKmnn. IIpu sToM nosyyaloTcA TeOpeMbl O 3ABHCHMOCTH CIEKTPOB KOMMOHEH 
onepaTopa, KOTOpPbIi He TpeqmosaraeTcA BOJILTeEppOBLIM. : 

Ecnu G = G'€ G0, To yepes A+ (G) (cooTBeTcTBeHHO A (G)) o6o3HayaeTG 
j-@ MOJIOXKUTEMbHOe (COOTBETCTBEHHO MOfyJIb OTPHILaTebHOrO) COOcCTBEHHE 
sHayeHue OnepaTopa G pu HyMepallHH HX B TOpAKe yObiIBaHuaA. 

PaccMOTpHM BC€BO3MOXKHbI€ BOJIbTepPOBbI ONepaTopHl Buga P, + iQ, TJ 
Q = Q, a Pn — PuKcHpoOBaHHBIH nN-MepHBIM OpTOrOHAaJIbHbI MmpoekTop. II] 
JOXKHM 


m7 


Com = sup 2 Ai (Q) (mS I) SoRtGaig 0! 


j=1 


I 
Oxaspipaetcs, YTO Crim =Cmn. MoxHO NOyYTh pA OWeHOK JIA 3TH 
aOcOJMOTHBIX KOHCTaHT. IIpoctTelimiad u3 HHX HeMmocpeycTBeHHO cvleqyer 
HepaBeHcTgBa (5) v3 (1), a HMeCHHO 


2 1 
Cn,m x Tt NOm, om = > ety ia a 
k=1 


Teopema 6. Ecau A =G- iH — eonromeppoe onepamop, mo 


n nh 


max {4 (G), SY AFG) $< DS} (Cae — Cn, ma (RE (HERE (H)) 


j=1 1 k=1 
a caedosamerbno, 


max {5} 1 (Q), > ie (@)}< 


9 4 As 00. AG pall rede 
<= [ay OF) +a (tn yy EEE 
k=1 k=n-+1 i. 
Hepapenctso (6) copepxkuT B ceOe HepaBeHcTBa, yKa3aHHble B (’, °). Ox 
NOSBOMACT NOYYUT PA HOBLIX Pe3yJIbTATOB. 
3. Ilycrs # (t) — Kakas-sm60 nepnoguueckan Jf (¢ + 1) =&# (t) 9pmuTos 
byHKUMA, MHTerpupyemasx Ha unTepBase (0,1). Torga onepatop A = G + if 
812 


IpeleeHHEI paBeHCTBOM 
il 


(Af) @) =2i\9 @—3) fF (ds (FEL? 1), 


t 


BJIACTCA BOJbTEPPOBbIM OMepaTOpoOM, JelicTBy!ouLH4M B mpoctpaxctse Le (0,1). 


Jlerko mpoBepstetcA, 4TO CHCTeMbI COOCTBeHHEIX 4HCel ep eenen tgif) ae 
nepatopos H u G pu Haqekauleli HyMepalMv CBA3aHbI MexKy cOO6OH COOT- 
OLNeHH AMU 


E 
jh ee eS en eee eee (7) 


B cusmy sToro Bce MomyueHHble BILE Pe3yJIbTATH, a Tak%Ke Pe3yJIbTATHI 

aoor (4, 7) MosBOAIOT CeMaTb PAL BHIBOLOB OTHOCHTEILHO MpeoOpasoBanHA (7); 
BIIAIOWLePOCA JUCKPeTHbIM AHaJIOTOM CHHTYMAPHOFO MHTerpabHOrO Tpeodpa= 
opanua Tuapoepta (*, “). 
_B uacruoctu, u3 Teopempt | caenyeT Teopema Pucca — TuTuMapiia 06 or- 
—jJHHYCHHOCTH mpecdpasoBaHu A (7) B mpoctpauctBe /,, MpuyeM HOpMa 9TOrO 
peoOpasoBaHHA, COBMaalollad, KaK M3BeCTHO (7°, #4), c HOpMoH npeodpaso- 
auua Tump6epra B Ly (— ~, o%), OKasbIBaeTCA He MIpeBOcxoLAMeH TOUHOH 
OHcTaHTHI C u3 Teopempl |. 


@Mu3uKO-TexHHueCKHH HHCTHTYT Tloctynm“sio 
HH3KHX TemlepaTyp 20 II 1961 
Axayemuu uayk YCCP 
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Jloxnagn AK ayeMum HayK cccP 
1961. Tom 139, Ne 4 


E. A. MABJIOBA 


O FYCTOTAX THMEPHMMYHHbIX MHO}KECTB 
(ITpedcmasaeno akademuxom IT. C. Hoeuxoeoim 24 III 1961) 


1. 10. T. Menpenepnm (1) 6bI10 BBeETeHO CeRyIoulee NOHATHE TYCTOTHI TI 
MHOMKecTBa HaTypasbHoro paya. Ilyctb E (n) — uucno 91eMeHTOB MHOXKECTB 
E {} 10, n); 8 uacruoctu, & (0)-— 0: 

Onpegenaeunue I. Muowectso F2607bmMe HAH paBHO 
ryctToTe™*, yem mHoxecTBO F1, eCJIM CyleCTByeT Takada OOUlepeKypcuBHa 
cbyHkuua 8, uTO 


Eo (0 (A)) Se Te yO ae eee) 


B sTom cyrygae nuurem Ei < Eo. 

Yepes STO OTHOIeCHHe eCTECTBEHHBIM OOpa3s0M ONPeeNAIOTCA OTHOMeCHH 
«OMHHAKOBH NO TycTOoTeyH«ME€HbMeNHoOryctote.lye 
TOT a OMpesemAeTCH AHANOFHYHO MOLLHOCTH KaK KJIaCC PaBHOTyCTOTHBIX, T. e 
paBHBIX 110 TyCTOT€ MHOXKECTB (HIM KaK ero aOcTpaKTHad XapakTepHcTHKa) 

Jipyroe ompejeseHue yKa3aHHbIX NOHATHH JaeT cezyrwoulan 

Teopema 1. Mxaosecmeo E2 borviue ural paeHo no eycmome, 4em MHO 
wcecmeo E1, mozda u moAbKO Moeda, Koza cytyecmeyem MaKoe 63AUMHO-OOHOSHAL 
Hoe ommobpasxenue mHooicecmea E1 6 mHooecmeo E2, Komopoe masKopupyemca Ha 
mnoocecmee Ex Hekomopol obujepekypcusnot dynkyuetl, m. e. Koeda cytuecmeyto 
makue dynkyuu @ u 0, umo 0 o6wepexypcuena u 


ynyn (me Ey &n€ LE, > 9 (m) - G(n) &M(n) € Ey & P(n) << 8 (n)). 


OueBHAHO, YTO HaHOONbWeH TycTOTOH OOayaeT HATypaJIbHbIM pA, a Hau- 
MeHbIUeH PycTOTOH — nycToe MHoxKecTBO. JlerKO TakxKe 3aMCTHTb, UTO KOHEXU- 
HOC MHOXKECTBO H3 1 9JIEMCHTOB OOJIbUIe HIM paBHO MO rycTOTe KOHeEYHOMY MHO- 
2KECTBY H3 / 9EMEHTOB TOFa H TOKO TOra, Kora m > n. C pyrok cTOpoHH, 
IO. T. Meqpegjes yoka3an (7), uTO cpeqH O€CKOHEYHBIX MHOMKECTB TMMePpHMMYH: 
HbI€ MHOXKECTBA** H TOJIbKO OHH HMEIOT ryCTOTY MEHbILIy10, 4EM FyCTOTAa HaTypasJib- 
Horo paya. Ilostomy B jaubHeHuieM GyyT paccCMaTpuBaTbCcA MIpexkye Bcero TH: 
Tl€pHMMYHHbIe MHOXKECTBA WH UX PYCTOTLI, KOTOPbIe MbI Gy CM Ha3bIBaTb PHMepHM: 
MYHHBIMH TyCTOTaMH, H JIMIb HEKOTOPbIe TeOpeMbl OyyT OTHOCHTBCA KO BCeN 
TOMMHOMECTBAM HATYPaIbHOrO psa H UX rycTOTaM. 

SaMeTHM, YTO OHM H3 XapaKTePHBIX CBOMCTB THMe€pHMMyHHBIX MHOMKECTE 
(COmM2KaIOULMM HX C KOHCYHBIMH MHOMKECTBAMH) ABJIAETCA TO, YTO NOOAaBJIEHHeE k 
THINe€pHMMYHHOMY MHOKECTBY SJIeEMeHTAa, CMY HE NIpHHawiexallero, yBeHYHBael 
rycTOTY MHOMKECcTBA, a yaJIeHHe XOTA Obl OMHOFO SIEMeCHTA YMeHbIWaeT FycTo- 
Ty (). 

2,Onpenzeneunue 2, Tycroraa6onpme “AAM paBHa rycrore 
8 (imIuem: B > a), ecm Kakoe-HUOynb (a 3HAYHT HM BCAKOC) MHOKECTBO, MMEIO: 
ulee TyCTOTy @, OOMbIME HIM paBHO 10 TycTOTe, YM KaKOe-HHOYb MHOKECTBO, 
uMeroulee rycToTy B. 


* Y MeaxpeyeBa BMeCTO «Go/bIIe HIM paBHO M10 ryCTOTe» rOBOPHTCA: «He MeHee TyCTOy, H¢ 
TOChe nee HeyQOOHO H3-3a Toro, YTO CyLeCTBYIOT MHOKeCTBAa, He CpaBHHMBIe No rycToTe. 
Onpeyenenne runepHMMyHHOTO MHO2KeCTBA CM., HampHnep, B (°). 
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Teopema 2. Mxoscecmeo eycmom H (mxoowecme nantypaabHolx 4ucer), 
cmunHo ynopsdovenHoe smnUuMm omHoWWeHUem <, oOpasyem Oucmpubymuenyto 
ipyxmypy (°). 

“3ameuanune |. CrpyxtyparyctoTH ne sBunetca NOHO CTpykKTypou (7). 
Sameuanue 2. VycToTbt CecKOHeYHbIX MHOMKECTB OOPasyloT MOACTPyK- 
py L crpyxtyppt 7. 

Sameuannue 3. B noyeTpyKtypeL aA KaxKol TunepHMMyHHOH rycToe 
I cyulecTByeT HecpaBHUMas C Hel TycToTa (2y. 

3.Onpengeneune 3. Ilepexoquon dy HKWueH OeckoHeu- 
gro MHOwecTBa E HasblBaeTcs TakaA byHKUMA wp, ONpexeeHHaA Ha MHOXKeCTBE 


, uTO 
j p(n) =pk(kR >n&REE) (n€E£). 


“Onpenxeneune 4. Byzem rosoputb, sto pyHkKuMA fo6roHnaetT 
YHKUMIO g, CCIM cyllecTByeT TaKOe HaTypaJbHOe YUCAO k, uTO JIA BCAKOTO 
aTYPasIbHOrO Nn > k, aaa KoToporo f (n) u g (mn) ompemeneHb, HMeeT MeCTO 
(n) > g (n). 
Wy mpegzeneuue 5. Beckoneynoe MHOKeCTBO HaSbIBAeTCA PaspCKCH- 
BIM, CCIM! ero nmepexoqHad cbyHKIMA OOrOHAeT BCAKYIO o6uLep eKy pCHBHy!0 
VHKIWMIO. 
~3ameuaune. Ilyctsp — sciogy onpesenennaa bynkuua, OOronsoulas 
SAKYIO OOWLEPpeCKyPCHBHY!O (yHKIHIO, a — m060e HaTypaJIbHoe YHCIO; TOr- 
| KaK WePKO BUeTH, MHOwecTBO {7, p(n), P(P(m)), ...} ABIACTCH paspe- 
(CHHLIM MHOwKeCTBOM. Kpome Toro, MOAKHO AOKA3aTb, YTO y BCAKOTO 6ecKOHeu- 
Oro MHOMKECTBA CYLeCTBYeT PaspexXCHHOE MONMHOXKECTBO. 
Onpexeaenne 6. Hasopem mnomectBafinfacu a buO pas ud 
‘Bl MU, ecHM HX CHMMeTpHuecKad pasHOCTb OeCKOHeUHA. 
»Teopema 3. JIna moezo umobol ecakue 06a CUAbHO Pa3sAU4Hble noOmHooce- 
mea OecKkoHeunoed mHodecTmé6a E umeau pasauanore eycnomes, neoOxodumo wu Oo- 
mamouno, umober mHoocecmeo E Ovlno0 paspediceHHoim MHODICeCNéOM. 
u Cnuenctsaue 1. Bcnakoe GeckoHeyHoe MOJMHO*KECTBO PaspexKeCHHOTO 
[HOXKECTBA ABJIACTCA PaspexKeHHbIM MHOXKECTBOM. 
CnuenctsBue 2. MuoxecTso rycTOT HMECCT MOILHOCTh KOHTHHYYMA. 
SOnpegeneunue 7. beckoweqHoe MHOKECTBO Ha3bIBaeTCA C J a 6 O- 
yas pe KeCHHBEIM, eC ero MpAMON MepecueT * OOPOHAeT BCAKY!IO OOIILe- 
me cren ye (by HKILHI0. 
' Viz onpegenenua cna6opaspexkeHHOro MHOxeCTBA CieMyeT, HTO BCAKOC 6ec- 
(OHCYHOR TOJMHOMKECTBO CAGOPaspexXKEHHOFO MHOXKECTBA CCTb CAOOpaspexKEH- 
{O@ MHOKECTBO. 
\ OuesngqHo, uTO cmadopaspexKeHHOe MHOMKECTBO ABMACTCH runepMMYHHbIM 
MHOXKeCTBOM. C [pyroli CTOpOHEI, CyllecTByI0T THIMe€pHMMYHHBI€ MHOKECTBA, 
{e ABM AIOMIMeCcA CMAOOp aspEXKCHHBIMA MHOAKECTBAMH. I]pumepom TakuX MHOXKECTB 
MOryT CHYKUTH [BA B3AMMHO JOMOMHUTEI_HBIX TMM€pHMMYHHBIX MHOKECTBA, 
JOCTPOeHHEIe aBTOpoM (°). 
| HerpyaHo 70Ka3aTb, TO BCAKOE PaspeKCHHOC MHOMECTBO ABMACTCA cmado- 
Ja3PCXKCHHEIM MHO2KECTBOM HM YTO CylleCcTByI0T cna6op aspexKeHHbIC MHOXKECTBA, 
ie ABJISIONMECA PaspeXKCHHLIMH MHOxecTBaMH. IlocuemHee BHAHO XOTA 6bI 43 
TO, uTO OOBeIMHEHHE ABYX CaOOpaspeKCHHEIX MHOXECTB ABIACTCH cs1a6o- 
Ja3pEKCHHLIM MHOXKECTBOM, a OObEAMHEHHE JBYX PasPpeXKEHHDIX MHOXKECTE MO- 
KeT MU He ObITh PaSPEXCHHLIM MHOKECTBOM; HalpHMep, OObeMHEHNE TIpOH3- 
BOJLHOFO paspexKEHHOTO MHOXKECTBA {71, M2, . . .} c MOMyuaIOWIMMcAH U3 Hero 
a3pexKeHHBIM MHOwKecTBOM {fi + 1, ne + 1,...} SABAAeTCH clabopaspexKeH- 
HBIM, HO He pa3pexKeHHbIM MHOXKECTBOM. 
’ V3 cnemyroutux WByx yTBep%KeHuH ciemyeT, ATO CBOHCTBa pa3pexKeHHOCTH 
M/cuaGopaspexKeHHOCTH ABJAIOTCA, MO CyllecTBy, HE CBOHCTBAMH MHOKECTB, a 
CholicTBAMH FyCTOT, YTO TOSBOIAET ECTECTBCHHBIM OOP a30M BBECTH MOHATHA C JI a- 


GopaspexeHHOUH H paspexKe€HHOH IycToTH: 


* Onpefenenve mpsamoro mepecueTa CM. (Gh) 
815. 


1) Ecam Ei — paspexeHHoe MHOoxecTBO,..a E2 paBHO eMy NO rycToT 
E2 — Toe pa3spexKeHHOe MHOXKECTBO. 

2) Ecnu E1 — cna6opaspexenHoe mMHoxecTBo, E2 <i u E2— 6eckoneuHn 
MHOxKecTBO, TO Ee — cmaOopaspexKeHHOe MHOXKECTBO. 

3ameuaune. Ms Toro, uto Fi — paspexeHHoe MHOxeCTBO, a E2 
‘OCCKOHEYHOe MHOXKECTBO, MeHbIee MO rycToTe, ¥eM MHO«ecTBO £1, BOObITe F< 
Bopa, He cmenyet, uTO Ez — paspexeHHOe MHOXKECTBO; HallpHMep, ECM MHOKG 
cTBO E1 = {ni, Na, ns, m4, ...} ABAACTCA Ppa3pexKeHHbIM HM 7/1 <_ M2 < Ns 
<ny<...,TO G6ecKoHeyHOe MHOwecTBO Ez = {nz — 1, ne, na — 1, na, | 
MeHbIlé 10 rycToTe, ¥eM MHO*KecTBOL1, HOHE ABJIACTCA PaSPeXCHHDIM MHOKG 
CTBOM (XOTH HM ABIAeTCA Cab6OpaspexKeHHBIM). | 

Onpenenaeuue 8. MuoxecTso HasbipaeTcA WUTUMeEPpUMMYH 
H bl M, €CM H OHO CaMO, HM eo JONMOHEHME ABJIAIOTCA THN€PHMMYHHBIMH MHC 
2KeCTBAMH *. 

[ycToTb! JMrumepHMMYHHBIX MHOKeCTB OyZeM Ha3blBaTb RUTUNeEP AM 
MYHHBIMH TyCTOTAMH. 3amerHM, YTO HE BCAKOC MHOMKECTBO JMrunep 
HMMYHHOH FycTOTHI (T. €. paBHOe 10 rycTOTe HEKOTOpOMy JHrHunepHMMyHHOM! 
MHOXKECTBY) CAMO ABJIACTCH JMTHMe€pHMMYHHbIM MHOKECTBOM; HalpHMep, eCJIl 
MHOXKeCTBO {fl1, fla, ...} ABJIACTCA MHIHM€PpHMMYHHbIM, TO MHOKECTBI 
{2ni, 2nz,...} MMeeT JHrMMepHMMyHHyto LycTOTY, HO AMrHiepHMMyHHBIM H 
ABJIACTCA. | 

Teopema 4. O6sedunenue crabopaspestenHoeo mHOdKecea C eluunepuM| 
MYHHOLM MHOOKECIN6OM ABAMEINCA 2UNEPUMMYHHOLM MHOdKeCMé6OM. | 

Caenetaue. Jina BcaKoH cia6opaspexeHHOH TycTOTbl cyulecTBye} 
OOJIbuIad THMe€pHMMyHHAaA LTYyCTOTAa, HE ABJIAIOWAaACA ciadopaspexKeHHOH. 

M3 u310%KeHHOFO CuIeyeT, 4TO CabOpaspexKeHHble TYCTOTLI OTHOCHTEJIbH 
MaJIbIl CpeqH A pyrHxX THMepHMMYHHEIX FycTOT, B YaCTHOCTH, 0 CpaBHeHHIO C Wy] 
rMNe€pHMMYHHBIMH TycToTaMu. 

Teopema 5. B cmpyxmype L eycmom OeckoHe4Holx mHooecme craobo 
paspeotennole eycmomet oOpasyrom udean **., | 

IIpeqctaBaaeTca mpaBgONoqOOHOK rumoTesa O TOM, 4TO MepeceyeHHe BCex 
vyleasioB CTpyKTypbl L, comepallHxX BCe pa3pexKeHHble TYCTOTbI, COBMaaeT 
9THM HealOM ca6opaspexKeHHBIX TYCTOT. 

4. B padore IO. T. Menpenesa (+) 6blta NocTaBmeHa mpo6seMa, O1u3KaA K 
CJIELYIOULEH: CyWecTByeT JIM MexK]y JOObIMH CpaBHHMbIMM THlepHMMyHHBIMyE 
rycTOTaMH IIpoMexyTouHad rycToTa?*** OrTpeTroM Ha 3TOT BOMpoc ABIAeTCA 
culenyroulan: 

Teopema 6. Java ecakux makux eunepummynHnolx eycmom a u B «me 
a<_ f, cyluecmeyem npomeocymounan eycmoma, mM. e. Makas eycmnoma y, 4M 
Ce Vic 

Ucnoub3sya Teopemy 6, MerkO 2OKa3aTb, 4TO TYCTOTbI BCX MOAMHOKECTE 
rMNe€pHMMyHHOrO MHOxecTBa & He MCYepMbIBalOT BCeX TYCTOT MCHDbIMMX, 4eM 
rycToTa mMHoxectsa £, T. e. u3 Toro, uTo L1 SE, Boose ropopa, He cmepyer, 
uTO B E HalieTca MOAMHOXKECTBO, paBHoe 110 rycToTe MHOxecTBy £1. 

TeM 2Ke MeETOOM, 4TO HM TeOpeMa 6, JOKa3sbIBaeTCA Ooslee CUbHAA: 

Teopema 7. Jaa ecakux makux eunepummyHHelx eycmom a u 8, 4me 
a < B, cyluecmeyem KoNMUNYANoHOe MHODKeCMeO NonapHO HecpabHUMOLX NpoMe- 
oCYMO4LHOLX eycmom. 

liz Bompocos, Ha KOTOpbI€ He yJaJIOCb NOMYYHTb OTBeTa, aBTOpy MpeycTas: 
JIAIOTCH MHTEPeCHBIMH cCJleyroune: 

1) CymyecTBy!oT MM KpOMe cjlaGopaspexKeHHBIX M JMrMnepHMMyHHBIX TycTO} 
MHbI€ THMepHMMYyHHBbIe rycTOTsI? 3 

2) CyulectByer JIM paspexeHHoe (MIM XOTA Obl CaGopaspexKeHHOe) MHOXKE- 
CTBO C Pe€KYPCHBHO MepeuHCJIeCHHbIM JOMOJIHeHHeM? 


“ Takve MHOXKeCTBa yxKe yMOMHHa/IHCb BBIIe. 
** Onpegesenne ujeana crpyktypbi cM., Hanpumep, (4). 
*** Bonpoc, mocrapiexupi Meppepesnim, OTM4YaeTCA OT 3TOFO TeM, 4TO y Hero peub mi 
O TycTOTax: JONOIHeEHHH K PeKyPCHBHO MepeyHCIHMbIM MHO2KeECTBAM. 
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3) ABMAeTCA 1H CTpyKTypa ryctoT H cTpyKTypoOl Cc OTHOCHTebHBIMH MceB0- 
NOJIHEHHAMH * (HJM, KAK MpeANOUNTAIOT TOBOpHTb B MaTeMaTHY¥eCKON JOrUuKe, 
MIMKAaTHBHOH CTpykTypon)? 

Astop BbipaxkaeT 6marogqapHocTs A. B. Ky3Henosy 3a nocTaHoBKy sayaq Mu 
HHbI€ yKa3aHHa. 


Moupascrnh usa Tloctynuao 
Axajemuy HayKk CCCP 20 HI 1961 


WHMTHPOBAHHAA JIMNTEPATYPA 


110. T Measewxes, JIAH, 102, Ne 2 (1955). * E. A. Wasaosa, Usp. Moa- 
cK. dbusHana AH CCCP, Ne 10 (76) (1960). = B. A. YcneucKknu dG, Jlexuna o Bre 
CNHMBIX pyHKuuax, M., 1960. 41. Bup Krog, Teopua crpyxtyp, WJI, 1952. 


_ * OnpenenenHe cTpyKTypHI C OTHOCHTeIBHBIMH MICeBAORONOAHEHHAMH CM. (*). 
JAH, *. 439, Ne 4 817 
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Jloxxanm Akagemun nayr CCCP 
1961. Tom 139, No~4 


MATEMATHK A 
Ujen-Koppecnonyent AH CCCP A. B. MOPOPEJIOB 


K BONMPOCY OB H30METPHYUECKOM NOrPYSKEHHH ABYMEPHOLO 
rOMEOMOP®HOLO C®EPE PHMAHOBA MHOTQOBPA3H A 
B TPEXMEPHOE PHMAHOBO IIPOCTPAHCTBO 


Bonpoc 06 H30MeTpHyeCKOM NOrpy2KeHHH B WeOM JByMepHoro romMeomopd 
Horo cibepe pHMaHOBa MHOrooOpa3sHA B TPe€XMepHOe PHMaHOBO IIpOcTpaHcTE 
paccMaTpuBaJicA aBTOpOM B paodore (*). B sTou paOore pellieHve Bompoca Obi 
NOyueHO B MIpemnoOKeHHH, YTO TayccoOBa KpHBM3Ha MOrpy2Kaemoro MHOTG 
O6pa3uA OObWe HEKOTOPOM NOCTOAHHOH, 3aBHCALLeEH OT KPHBH3HbI MpocTpak 
CTBA. = 

B 3aMeTkKe apTopa (7) 9TOT pesysIbTAaT Ob yIyYWIeH MH JIA MpocTpaHcTB 
HEMOJOMKUTEMBHOH KPHBU3HOH MpHHAJ] B H3BeCTHOM CMBICJI€ OKOHYATeIbHY 
(popmy. | 

B HacTosjee BpeMA aBTOPy YaslOCb NOJYYHTb NoMHOe pellieHHe BoOTIpod 
B Bue Cenyroulell TeEOpeMbl. 

Teopema 1. Iycmb R — noaHoe mpexmepHoe pumano6bo npocmpanc 
u M —3amknymoe, eomeomopqnoe cdepe pumanoe6o mMHoeooOpa3sue Cc eayccoed 
KpueusHou, ecrooy OoAbwielt HeKOoMopolt nocmosAHHOU c (Corbet, meHoiUet UA 
paeHolt Hy Ato). 

Toda, ecau KpueusnHa npocmpancmea R ectody menbwe c, mo M donycxael 
usomempuueckoe noepyacenue 6 R @ Bude peeyAApHou noeepxnocmu F. 

Boaee moeo, atno noepyotenue MOoKHO Ocylecmeumb mak, 4moObl OaHHd 
OsymepHolii aaemenm a mHoeoobpasun M (mouka u ny4oK Hanpaerenut 6 Hel 
COBnaA Obl C 3A0AHHbLIM, UZOMEMPU4ADLM 0., OBYMePHbLM aAeEMeHINOM a’ 6 Npocmpa 
cmee R u nosepxnocmse F pacnoaazanacb Obl no 3adanKHyt0 CMoporHy om nAaocwadoK 
anemenma a’. ! 

Ecau mempuxka npocmpancmea R u mxoeoobpasua M k pas dugdbeperyupyem 
(k > 6), mo noeepxnocme F dudqepenyupyema no Kpatinetii mepe k — 1 pal 
Ecau mempuka npocmpancmea R u mnozoobpasua M anaaumuueckue, mo noeep: 
noc’ F ananaumuueckaa. : 

HenomHotTa pe3yJibTaTOB, NOJYYeHHEIX B MIpefbiyuinx pa6oTax aBTOT 
(',7), OObsaCHAeTCA TulaBHbIM OOpa3s0M 3aTPyHeHHAMH, BOSHHKAIOWUMA Mp 
NOYYCHHH AMpHOPHbIX OMWCHOK JVI HOPMAJIbHbIX KPHBH3H peryApHOH 
BepXHOCTH B PHMAHOBOM IIpOCTpaHCTBe B 3aBHCHMOCTH TOJbKO OT Me€TPHKH 
BePpXHOCTH H METPHKH TpoctpanctTsBa. B paGote (*) Takne OLeHKU NOsmyyaroTcs} 
IIPeAMOJO*KEHHH, YTO TayccOBa KPHBH3HA MOBePXHOCTH OOMbIIe HeKOTOPG 
NOCTOAHHOK, 3aBUCALLeH OT KPHBU3HbI MpOcTpaHcTBa, aB padorte (*) — B mpenni 
JIOKEHHH, YTO FayCcOBa KPHBU3HA NOBePXHOCTH MpOcToO OouIbIIe KPHBUSHEI Ip 
CTpaHCTBa, HO KPHBH3HA MPOCTpaHCTBa JOJKHA ObITb BCIOAY HeMOMOKUTEIDH 
Ecam He KaCaTbCdA HEKOTOPEIX JeTaeli, TO WIA NOMHOrO pelleHuA BoMpoca | 
MOrpy2XeHUH B TOM BHe, KaK MbI ero C/OpMysHpPOBaM, WOCTaTOUHO OKa3zai 
CMeTyIoulee MpeIOXKeHHe O06 AMpHOPHEIX OWeHKAX. re | 

Ilyctb F — noKauIbHO cTporo BBIMyKad MOBepXHOCTb B pHMaHOBOM Mp) 
cTpanctBe R c peryApHOH MeTpukoli (peryApHocTb CaMoii MOBepXHOCTH . ) 
mpeynonaraetes). Ilyctb F, — nocaeqoBaTebHOCTb PeryAPHBIX HOBEpXHOCTE} 
cxofallasics kK f, IpH4YeM MeTPHKH S9THX MOBepXHOCTeli CXOMATCA K MeTpUKe | 
B Kalacce C* (20)! 
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Torga, ecmu rayccopa KpuBusHa F ctTporo Coble KpHBH3HEI MpocTpaH- 
rBa, TO JIA HQPMaNbHEIX KpuBHsH F, npH ocTaTouHol 6nusocTu Ff, K F 
MeeT MECTO He 3aBHCAMLad OT NM OWeHKa CBepxy. 

STO yTBepxKeHHe MbI OKAa3bIBAeM OT MPOTMBHOTO culepyiOuluM OOpasom. Ecan 
TBEPHKEHHE HEBEPHO, TO, HE OrpaHWUHBaA OOMLHCCTH, MOXHO CUMTATb, YTO Ha 
OBepXHOCTH F, ecCTb TOUKA P,, B KOTOPOH HOPMaJIbHad KPHBUSHA B OJHOM 3 
anpaBleHul Oompume n. Tak xe, He OrpaHHUMBaA COULHOCTH, MOXKHO CUMTAT, 
ro TOUKH P, CXOAATCA K HeKOTOpoH TouKe Po nopepxHocTH F. 

Bo3pMem wap Go c 1eHTpoM Po HacTOMbKO MasbIi, UTOObI MOObIE WBE ero 
SUKH COCIMHANHCh C(MHCTBEHHOH KpaTualimel BR. Ilyctb ©, — 4aCTb NOBEpXx- 
octu F,, cojepxamasca B wape Go, a @o — uacTb F BHYyTpH STOrO Wapa. 
O€IMHHM IpOH“sBObHy!O TOUKy A MoOBepXHCCTH @o c TodKOH Po. Ilyctb 
(A) — yron, KOTOpbIii OOpasyeT BHYTPeHHAA HOPMaJIb K @o B TOuKe A C Ha- 
paBjleHveM KpaTuakimel APo. B cuury CTporol BLIMyKMOCTH Wo yror % (A) << n/2 
qt BCeX TOUeK A, KOTOPbIe yfaseHEI OT Po Ha paccTOAHHe He MeHbIee & > V, 
(A) < n/2 — 7 (2), rge H (&) OonbMe HYTH. 

Touxa Po Ha NOBepXHOCTH Wo He MOET CbITh KOHMUECKOH. I]osTOMy Yepes 
ee IIpOXOJMT HeKOTOpaA TeomesuyecKkant Yo, KacaloulaicA MOBEPXHOCTH Wp. 
Ipopeyem roulyreogesnueckyio Y’ M3 TOUKM Po BHYTPb Tea, Ha rpaHUlle KOTO- 
Oro pachoNoxKeHa NOBEPXHCCTb Wo, TAK, YTOObI OHA COpasoBasa Cc reogesnye- 
Koli yo B TOUKe Po yrom Menbue 4 (e)/2. Ha nomyreogeswueckoli Y’ BO3bMeM 
ouxy P’. Ecau touxa P’ jocTaTouHO O1M3Ka K Po vw BMecto TOUKH Po pH 
mpegenenuu yraa 0 (A) B3aaTb TOuKy P’, TO STOT yrou JA TOUeK A, ylaneH- 
IX Ha paccToaHue, Compiuiee &, OT Po, TORE OyJeT MeHBIIE m/2— 1 (#). Benny 
XONMMOCTH ®, K @o IpH AOcTaTOUHO Sombuiom n yrom % (A). cupemensembii 
WIA MOBepXHOCTH @, HTOUKH P’, TaKxe OyyzeT MeHDUe m/2—% (e) npH 
{Po <2, anpuA =P, 9toT yron GSonbme n/2 — 1 (€)/2. 

OnpeneruM Telepb Ha MOBEPXHOCTH WO, PyHKIHIO 


w) (X) = (ane 
(cos 0(X))* 


ye x (X) — MaKcHMaJIbHad HOPMaJbHaA KPUBUSHAB TOUKE X; 0 (X) — yroa, 
OpasyeMbIli BHYTPCHHEH HOPMasbIO MOBEPXHOCTH WM, C HAaNpaBMeHHeM MOMyTeo- 
jesuueckolt XP’ B Touxe X, a w — HEKOTOPaA NOMOKUTeCMbHAA NOCTOAHHAA. 
Jpu WocTaTOuHOli OM3CCTH ©, K @o TA KaxKOH TOUKH X, YNOBJIETBOP AIOHECH 
yeOBHIO XPo > €, 


w (X) <w (Pr). 


JlefictauTenbHO, mo onpepenenuto TouKH Pp, % (X) < x (Px). Hanee, O(X) < 
< n/2—n(e), a 0 (Pn) > a/2 — 9 (2)/2. Orciona 0 (X) < O(P,), H, Cmeqo- 
patenpHo, w(X)<w(P,). Tak kak npu XPo > ew(X)<w (Pp), TO 
max w (X) gccTuraetca B HeKOTOpoH Touke Xo, yaseHHOW Ha paccTOAHMe He 
SoIbIIee € OT TOUKU Po, cueOBaTeIbHO, Ha paccTOAHHe He Gompulee & + PoP’ 
oT TOUKH P’. 

_ Tenepb MbI BROLMM B OKpecTHOCTH TOUKH P’ NowJApHy!O Teomesnyeckyto CH- 
eTEMy KCOPAMHAT C NOJIOCOM B TOUKE P’, B sTux KCopsuHaTax (byHKIMA W JO- 
myckaeT mpoctyio 3anucb. MakcuMyM W B TOUKe Xo uccmenyeTcA NpH MOMOLMLH 
YpaBHeHHH W30MeTpHueCcKOrO NCIpyKeHHA (ananor ypaBHenui Jlap6y (’)). 
STO HccIeMOBaHHe, CONpOBORMaowleecA MOFOMbHO CJIORKHEIMM BbIKVWA,KaMH, 
MOSBO/IAeT YCTAHOBUTh He 3aBMCALLMe OT 1 OLEHKH AIA PYHKIMM W B TOUKE Xo. 
Bmecte c Tem nomyyaeTca oneHKa Jia *(Pn), MU, TAKHM COpasoM, MpHXOHM 
K NpOTHBOpeyHio, Tak Kak NO MpeMMOOAKeHHIO % (Pale ts 
_ Teopema 1 0 BosMOxKHCCTH MSOMeTpHUeCKOrO NOrpyxKenuA JONOMIHACTCA 
Teopemoli 06 OMHOSHAUHOH ONpeesICHHOCTH H HSOMETPHYCCKUX lipecOpas0BaHHax. 
» Teopema 2. Ilosepxnocmo F, cywecmeoeanue KCmopou ymeepoxdaemca 
eopemot 1, OeymepHoim aacmenmom a’ onpedeasemca COHOSHAXHO. 

4* 849 
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Teopema 3, Ecau @ nozaxom pumanosom npocmpaxncmse R ¢ kpueusxot 
6 OsymepHolx naowadKax, menoulell C, Oanbl Ase 2eomeomop—pHole . copepe peeyAspHod 
usomempuunole nosepxaocmu Fi u Fe e eayccosolt KpususHotd Ooabuseli c, mo odxd 
nosepxHocm Oonyckaem Henpepolenoe useubanue 6 Opyeyto. . 


Tlocrynuso 
3 V_ 1961 


UMTAPOBAHHASA JIATEPATYPA 


1 A.B. Tloropeaos, Hexotopnle Bonpochl reOMeTpHH B WeAOM B PUMAHOBOM npo4 
crpancrse, U3. Xappxoscx. yuus., 1957. ? A. B. Toropeaos, J[AH, 137, Ne 2 (1961)} 
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Jloxaanm Aranemun nayr CCCP 
1961. Tom 139, M4 


MATEMATHKA 


HW. M. COBOJIb 


O BbhIUKCJIEHHH MHOFOMEPHbIX HHTETPAJIOB 
(I]pedcmaseaeno axademuxom M. B. Keadouuem 23 IIT 1961) 


PaccMoTpHM KBapaTypHyl0 (popMy.ly 


N 
4 
| \ fF) aP = 5 DF Pa), (1) 
1 K i=1 ; 
me P= (x1,..., Xa); K — equnnunpiit d-mepnprlt ky6 (0< x5 < 1; = 1, 2, ... 
+, d); y3uibl Pi,..., Py npunagnexat K. 
| Jina xXapakTepuHcTHKH «kayeCcTBa» MPON3BOJIbHOM  CeTKH Pisin, Pore 
1-4) ppeeHa BEIHYHHA Po (Pi, ..., Pn), KOTOpad BXOQUT B OWeHKy Norpell- 
ocTH opmyast (1) gaa dbyHKunh f (P) xnacca H.: 
N d 
: 4 Poo (Pi, +--+» Py) in?N \ 
3 | ppyap —-4- >) ppg] =o eee) 
Kk i=1 N 


‘Kkaacc H, (8) — 9To mHoromepHbIt ananor Kacca Lip a; 0< a < 1). B Ha- 
TOAUeH CTAThe NPMBEJCHEI MpHMepbl XOPomMXx ceTOK (3) H (4), a Tak7Ke OeCKO- 
jeqHad mocwenoBaTebHOCCTH (5), OOOH HavaIbHbIN OTPe3OK KOTOPOH mpeycTaB- 
Ife€T COGOH XOpoOLlylo ceTKy. 
V3 nomy4eHHEIX ANA Poo OMCHOK CuleLyeT, YTO NPM HCNOMSOBAHUM 11000K 

13 STUX CeTOK MOpAsOK cxomumocTH opMywE! (1) AIA @yHKuHH Kacca MH, eCTb 
) (1/N2—£) (e > 0 cKonb yrogHo mavo). snectruo Takxe (“), YTO MOpAOK CXO- 
IMMOCTH KBAPpaTyPHEIX PopMyw Aa Kacca H, HE MOMKET ObITh MYyUIe, YEM 
[/N* (qaxKe ecH JONYCTHTb (OpMy.IbI C BeCaMH). 
_ Wurepecho comoctaBuTb 3TOT pesybTaT C OL€HKOH METOJOB Moute-Kapac. 
Meron Moute-Kapno, ucnomp3yrouyui dopmyay (1) co cnyuakHbIMa y3iaMu 
Pi,..., Py, C OOnBMIOH BepOATHOCTHIO TrapaHTUpyeT MOPAZOK CXOAMMOCTH 
VV N gna mobo dynKuun c MHTerpHpyeMbIM KBaypaTOM. CreqoBaTesIbHO, 
Win KnaccoB Hq pu a > 4/2 cyulecTBy!OT KBaypaTypHble (OpMybI, OGecmedH- 
3a10LHe JIYULIMA MOpANOK CXOJMMOCTH, YEM MCTO] Moute-Kapsio, a aia Oonee 
HUPOKHX KwaccoB, BKMIOVaIoMNX B ceOA M1, TaKMX POPMyWI HET. 
, OnpeRencune Gn (P1,..., Py). Hycts HT — MIPOH3BOJIbHbIM JBOWY- 

1 Mapanmenenunen *, npHuagiexamun K. EcuM mepenecTu Hayao KOOpAR- 
a B WeHTp I], TO KOOPAMHATHbIe MOCKOCTH pasO0ObloT STOT Napaenennnen 
ga 2¢ yacteli — «oKTaHTOB» npu d = 3. O6osHauum V* (cooTBeTCTBeHHO V-) 
SyMMy BCEX MOJIOMHTEIHBIX (OTPHWATEIbHLIX) «OKTAHTOB». OueBHHO, 
o6pemsr |V*+| =|V-| =—0,5|II|. HepapnomepHocTh paciouoxKeHHA CCTKH 
Pi,..., Py mo otTnomenvio K Il MomHO XapakKTepH3OBaTb BeIMUNHOK 
ISv (V+) — Sw V-)|, rge Sw (V) — aHcuo Touek ceTKH, DpPHHapexalllux se 
Han6oupiyio cpeav Takux HepaBHOMepHOcTeH (110 BceM Tl) nagopem d-M e p HO 
HEpaBHOMePHOCTbHW CETKH. 
— 


'  * JiponuHbIMH OTPeskKaMH HasOBeM BCE OTPE3KH, nosyualomveca pH AeseHHH [0,1] na 
os yactefi (m = 1, 2,...); OTpesKH CUHTa€M S42MKHYTBIMH CJleBa H OTKPbITBIMH CipaBa, CCH 


aaa 


Mparpii Konen oTAHUeH oT 1. J[FoKUHEIe Napadsenenunexb CyTb MPOHSBeLEHHA RBOWMHBIX OF- 
3KOB. 
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Tlanee, pacCMOTp¥M BCe S-MepHble CeTKH, COCTOAMIMe U3 NpoeKuHH ToUel 
Pi,..., Py Ha s-MepHble KOOpauHaTHEle rpann Ky6a K (s = 1, 2,..., d—I 
Mu HaliqeM UX S-MepHble HepaBHOMepHOCcTH. 3HayeHHe P(Pi,..., Py) paBH 
HaHOOMbUIeH CpeqH BCeX HepaBHOMepHocTeH CeTKH HM ee MpoekuHH. : 

OueBHAHO, Qo (Pi, ..., Pw) — wemoe YHMCNO, yOBMeTBOpsAOINee HepaBeHs 
CTBaM | 

1 <p, (Pi, Eo) ee (2 


Bepxuasa rpanuma (2) Tounad. Tounoe 3HayeHHe HWKHeH rpanulbl NpH 060M 
d weu3BecTHo. Ognako, ecaund = 1, Toinf@o =1,aecnud =2,Toinfgo =4 


(npu N > 2). 

JLna Toro uToOb GECKOHeYHAad MOCMEMOBATeMbHOCTH TOUeK Pi, P2, ..., Pw, ». 
Oblla PpaBHOMepHO paciipeseeHHOH B K, Heo6xoqHMO MW yOcTaTOUHO, 4TOOH 
litte (Pie ak oe = 0. 
N-00 

Ilpumep |. @Muxcupyem npoctoe uucio N > 3 HM paccMOTpHM ceTKy] 
coctoamy1o u3 N touek P; (i =1, 2,...,N) c koopqunatTamu 

a 
pao (3 
3Necb @i,..., Q@q— Weable uucna, 1 Ca; << N —1; {z}— qpo6Ouaa acre 
yncla 2. 
B (®) ppeqeHoO MOHATHE ONTMMaMbHbIX KOSPpHuUHeHTOB a1,..., G4, pH 


BbIOOpe KOTOPLIX CeTKH (3) OOecMeYHBaIOT NOYTH HanJIyYWIMH MOpAAOK cxonH 
MOCTH (bopMy.IbI (1) 21d HEKOTOPbIX KaccoB JUppepeHyMpyeMblx NepHOAMYeCKHX 
dyHKWAH. OUeHKU AA Ooee WupoOKOrO Kiacca MepMoMyecKUX PyHKUMH yKa- 
3aHbl B (°). 


Jina cetku (3) Cc ONTHMaJIbHbIMH @1,..., Qa 


PPPS) Bian 


rye Bi — 2d (2 + 8/a)* npu N — ow. 
' OUpepex enn el Tee reg oO aTembaoleg € ha pp (jan@unen 


NOCAe€HOBAaTeAbHOCTH p_ (i), t =1, 2,..., SKBYBaeHTHBI. 
1) Ecam B r-w4Ho cucTteme i =AmQm—1... A), TO (TakKxKe B r-HUHOw 
CHCTEME) 9 7(t) "== 0. Git. Une Ga 


2) PexyppexutHoe onpegenenue, B r-uuHo npodu p, (i) =0, aoa,...am00... 
HaleM CTapily1o wudpy, oTamuny1o oT r — |, Iyctb ato GygeT ag. na mony 
yeHua p, (i + 1) Hy2KHO3aMeHHTb ag Hal + ap, aBCe WMpH, mpequecrByoulue 
a, (ecuw k >0), 3aMeHHTb HYJAMH; MoOcMeLyiouMe WADPH Ae14, Aero, . 
OcTaloTca 6€3 u3MeHeHUH **, 

3) PekyppeHTtHoe onpegeneHne no rpynnam. 1° p, (r*) =r-*4; 
ea yee way i2h -p trst) = p(7) + pe empua ol nse ae 
SS ie a | 

TlocaeqoBaTerbHOCTb pez (i), MO-BUAMMOMY, BiepBbIe Oba yKa3saHa Ban mep' 
Kopmytom (cm. (?)) 4 HesaBacuMo oT Hero B (1). O6oSuleHHe Ha MPOH3BObHOe Fr 
MIpuHaiekuT XeMMepcuu (cM. (§)). Kaxkqad 43 STHX MOCMEMOBAaTebHOCTel paB- 


HOMepHO pacmpegemeHa Ha (0,1). B wacruocru, @, (pe (1),..., po (N)) =1 
Mp smo60m N. 
IIpumep 2. BuGepem ssaumuo IIpOcThe HaTy paJIbHble WuCMa 71, ..., Fd=4, 
H mycTtb N >max'r;. Paccmotpum ceTKy, cocTroamyio u3 N touex P; 
* PaspepHyTad 3anucb: ecmm i= Ant” +... + ar+a, To p, (i) = dor + == 
hatte bidity; Karkqoe a, MOXKeT MpHHuMaTb 3HayeHHA 0, 1, 2,...,r—i. 


** PaspepHytas 3amucp: Pp (i +41) =p, (i) + aie 20 Sait ey 
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r 


=1,2,...,WN) c¢ Koopqunatamu 
P, a (i/N, p,, (4), p,,(), ee (aoa (i). (4) 


B paoore (8) aa ceToK (4) H (5) momyyeHbl oueHKH pasHocrH Sy (II) — N | I | 
Wid Tapasenenuneqos yacTHoro Bua). UcnobsyA STOT pesybTAT, HeTpyJ- 
0 BLIYHCIHTb, 4TO 

CA as oe oe In? N, 
ne 
| d-1 
petal yaw) liye gen 


s=1L 


uMep 3. PaccMoTpHM GeckOHeyHyl0 NMOCIeAOBAaTevIBHOCTD Trouek P 
,2,...) © KoopyquHaTaMu 


Pi = (P,, (i), p,, (4); STONE P,, (i), (5) 


We ry,.. +, fd — HaTypambHble B3aHMHO MPOCTble YHCUa. 
_ Tak xe Kak B MIpembIyueM MpHMepe, NOy4HM, 4TO IIpH mo60M N > max fs 


. Gx (Paves sou wy Ba In? N, 
me % ‘ 
. d 

By = 4° ll (3r5 — 2)/In Fs. 


s=1 


~ Bo muorux 3ayauax, pemiaembix MeToqom Moute-Kapvio, BbluHcaaloTCaA Ma- 
reMATHUeCKHe OMKMMAHHA HEKOTOPEIX (PyHKUMH, T. €. ONPEAeCHHBIC HHTerp abl. 
B TakKMX pacueTax HHOra BMecTO cy4aiHbIX TOK, paBHOMEPHO PaciipeeJicH- 
ix B K, memecoo6pa3HO MCHOIb380BaTb TOUKH NOC eAOBATCBHOCTH (5): ecaH 
JONLIHTerpasbHad yHKWMA <OcTaTOUHO XOpoUlad» (HanpHMep, MpHHalexKUT 
H., upu a > 4/2), TO MopxAOK CXOMHMOCTH tbopmywbt (1) OKavKeTCA yule, 4M 
MOpaAOK CXOAHMOCTH MeTOXOB Moute-Kapao. Boooute xe CXORHMOCTb rapaHTH- 
poBaHa Jin 000K orpaHHueHHoH Hi MHTerpupyemMoH mo Pumany (yHKUHH. 
K coxKasleHvi0, HCIOb30BaTb MCHepCHio B kayecTBe MEpbI NOrpeliHOCTH IIpH Ta- 
KOM cmoco6e cueTa, MO-BHAMMOMY, HeJIb3A. 

- BSameuaHne. OnenkKa morpellHocTH cpopmywibt (1), BbimHcaHHad B Ha- 
Yale CTaTbU, He ABJIACTCA TOUHOH: OHA MOMy4eHa U3 TOUHBIX OLCHOK AA Kac- 
cos S, pH MOMOIMM TeOpeMbI BIOKCHUA (*), OqHako JA XOPOWIMX CeTOK (pH- 
meppt 1, 2 u 3) Ona MOsBOMAeT ompeyenHTb NopamOK CXOAHMOCTH 
cbopmyapt (1) c TOUHOCTBIO WO CKOIb yronHo manoro s > 0. [laa maoxux 
ceTOK 9Ta OWeHKa CTaHOBHTCH MeHee apiekTuBHOH. PaccmMoTpHM, 
HallpHMep, paBHOMepHy!0 (kyOuyecky10) CeTKy, COCTOAILy10 H3 N =n# ToweKk 
(n > 2) c Koopqunatamu (i1/n, icity ted Miginye Tier Maes ly 2's 4 1. 
Ilia Taxol ceTKM HaMOompIIMe OTHOMEPHEIC HepaBHOMepHOCTH paBHbl ee: 
3HA4HT, Poo = Ni—¥4, OnenKa NorpelliHOocTH AA xgaccosp H, nomyyena B (?). 
Tlopagox ee N-*4, Torga Kak 43 paccMaTpHBaeMOli OeHKH CienyeT JIMUIb 
O (Nite—2—1/d Ns 

TloctynHso 
14 IIT 1961 


I[MTHPOBAHHAA JIATEPATYPA 


1. M. Co6oab, JAH; 114, Ne 4, 706 (1957). 2 WU. M. Co 605, IIpHmeHenue 
pasiowenuit mo dyHKUHAM Xaapa K UccyefoBaHHIO CeTOK uutTerpupopanna, J,acceptauns, 
M., 1959. *U. M. Co6odb, JIAH, 132, Ne 4, Te (geo) an WU. M. Co60 7b, JAH, 
439, Ne 8, 1041 (1960). ®H.M Kopo6os, JAH, 124, M6, 4207 (1959). ° B. M. 

onoxoB, JAH, 127, No.4, 753, (4959), 7K. FP: Roth, Mathematika, 1, Ne 2,73 
M1954). ®J. H. Halton, Numerische Math,. 2, Ne 2, 84 (1960). 
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Jioxaanm Aranemum nayr CCCP 
1961. Tom 139, N84 


MATEMATHK)} 
T. B. COJIOMAK 


KPAEBDIE 3AQA4M [JIA KBASHJIMHEMHBIX JJIJIANTHYUECKHX | 
YPABHEHHH CO CTEMEHHbDIMM HEJIMHEMHOCTAMH “| 


(ITpedcmasaexo axademuxom B. H. Cmupnoeoim 24 IIT 1961) 


1. B 3aMeTKe uccaefyIOTCA OCHOBHBIe KpaeBble 3aa4u JIA KBaSHJIMHeMHBI) 
SJIIMMTHYeCKHX YpaBHeHHH BTOpOrO NopsAyKa C KOSPPHUKEHTAMH CTEMEeHHOF| 
pocta. IIpumensiempiit HAMH MeTO NO3BOACT NOKA3aTb TEOPeMbI CyleCTBOBAHH 
M €MHCTBCHHOCTH OOCOM[CHHEIX pelIeHHH NepBOH, BTOPOH HM TpeTbeH KpaeBHl 
gayau, a TaKxKe NOYYHTb UX OMCHKH, HCXOJA H3 COOTBETCTBYIOULUX pe3yJIbTa 
TOB JIA ypaBHeHHH C OrpaHHYeCHHbIMH HeJIMHEHHOCTAMH; MeTORX He 3aBHCHT O' 
Bula PpanMyHOrO YCNOBUA. HOBLIMH ABAIOTCA Pe3yJIbTATHI IIs CLyYaA BTOPOL 
M TpeTbeli kpaeBblx 3aqayu. [leppaa xe KpaeBad 3aaua C pasHbIX TOUeK 3peHHs 
UCCI€AOBaIaCb MHOFHMHM aBTOpaMu (cM. (7), re mpHBezeHa nNo_pobuan OuOsMO} 
rpadusa (*)). 

2. Ilyctb £2 — KoneyHad O6aCTb B M1-MePHOM 3BKJIMJOBOM MpocTpaHctBe 
C (BaKIbI OrpaHwyeHHO AupdepenuupyemoH rpanuueh T. Jina ypaBuenun 

m 
— Di ae (Ae (ep , pi) + 8 (xo 4, pi) =F (x) (1 
f=1 
(pz = 0u/Ox;, ay (x;, u, 0) =b (x;, 0, 0,) =e 0) 
CTaBATCA KpaeBble 3aaqH: | 


daz cos (v, x) nu 2iaicos (v, x) +oulp =0, o DO. (3) 


i 


IIpu 5 (x, u, p.) =0, da;/du = 0 gwna paspemmumocTtH BTopoh Kpaesoit 
SaauH MPUXOUTCA JeNaTb OObMHbIE MpemMOOKeHHA. 
Tloqpo6Hoe u3snoxKeHHe MpHBeseM WIA ypaBHeHHM uacTHOrO BHA 


= s ay (0: (01)) =F xi) Fm) € La (9), (4) 


Np rpaHwuHbIx ycCOBHAX (2) Han (3). 

Ypapuenuve (4) npegnouaraeTca 3MMMTHYeCKHM C KO3@PHUHeHTOM 3/UIAH- 
THYHOCTH, OMPeAeACMbIM NOPANKOM pocta KOsPHIUHEHTOB Q;; a; — HeMmpepbIB- 
HO nudepennupyembie (PyYHKUMH CBOHX apryMeHTOB, yJOBIeETBOpAIOMIHe ycs0- 
BHSIM 


> ap:> yr" lgrad uw), n>2; 
=! 
Da ceil A eee 
Et | i=1 
0a, 


<C,(T*-*+ 1). 


Op, 
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OOoOmeHHBIe pelieHHA KpaeBbIX 3afa4 MOHHMAIOTCH B CMBICe€ yAOBIIe- 
BOPCHHA HHTeErpasIbHOMy TOXKECTBY. 

IIpeqmaraemblii MeToy, 3akuo4aeTCA B cueLyIOMleM: B ypaBHeHue (4) BBOANT- 
A uMCIOBOH mapametp a, 0 <a < ao: 


da; 6a, AQ 
Bye (ee : 7a (5) 
ey Pa a he at (4 +.4Q) EITM BEL 


ne Q = Q (p;) —BcnomoraTeibHad PyHKUMA, BbIOpaHHad TaK, 4TO ypaBHeHHe 
5) ABJIACTCA SJIJIMMNTHYCCKHM C KOSPPHIMEHTOM 3JJIMMTHIHOCTH, HE 3aBHCALLMM 
Tp; Ha, MW Mp *PUKCHPOBaHHOM @ COepKUT JHMIIb OTPaHHyeHHbIe HEAMHCHHO- 
BH. . 
Teopembl cyllecTBOBaHHA OOOOULEHHDIX pellieHHi KpaeBbIxX 3ayay Mid ypaB- 
leHHii C OrpaHHYeHHBIMM HeENHHeMHOCTAMM JOKa3aHbl aBTOpoOM (°). 

Ypasuenue (5) OyyeT IIMNTHYCCKUM C OFpaHHYeHHIMH He/IMHeHHOCTAMH, 
cau pyHKuuA Q yOBMeTBOpAeT yCMOBHAM: 


) 


| ls SG leet Fb Sc (6) 
| : 
Soa ag Fle 
» | ar) a a: ap: | E/E) > (rsT 2-4 — Cy) >) &. (7) 
eit \ Ri i=1 


Pas36epeM, KaK MOKeT ObITb OCYLIECTBJIEH MpeQeAbHbIN Nepexog NO NapaMeTpy 
(npH a > 0. 

Teopema 1. O6o6wennoie pewenun u nepeoit uau emopot Kpaesott sada- 
2 Onan ypasnenua (5) npu 060m @uxcupocannom a, 0 <a < ao, umetom o606- 
yeHHole emopble NpoUus6cdHLle U nowmu ectody yOoeremeopsioMm ypasHenuro (5). 
Jan HUX UMeroM Mectno OYeNKu 


Hepapeuctso (8) Kak JuId MepBoH, TAK H JIA BTOPOH KpaeBoH 3ayaun Movly- 
jaeTCa IpHeMoM, yKasaHHBIM B. padore O, A. JlazppKeucKoii (°). 
 Teopema 2. IJIycmo {ax} — yOoieatiyan nocaedogamerbnoctb 4uceA 


£ 


1< Op < 0, cmpemsatyanca K Hysto. Toeda coomeemcmeyroujan nocaedoeamesb- 


loc OOOOUWeHNELX pellenutt cxodUumcA 6 HOpMe W4 « o606wenHomy pewulenuro u 
texoOHot sadauu. Jaa u umeem mecino oYeHKa 


Vat rea(ret 3 wt) de< Call, 
bf4 


3. OcHoBHad TpyAHOCTh PH McMOM_3OBAHHH H3/IOKEHHOH CXEMbI 3aKJII0- 
aetca B mocTpoenuu (byHKuHH Q. Byyzem npesnouaratb, uTO B KosPpuunHeHTax 
paBHenua (4) a; MOxeT ObITh BbIeMeHa OLHOPOAHAA OTHOCHTEIBHO Pj; TaBHaA 
actp A; *. Torga B KayecTBe Q MOxeT ObITh B3ATA PYHKUMA 


m n—3 
Qin) Aip:)" « (9) 
i=1- 
i To, uro @yukuna Q Bua (9) yqoBNeTBOpAer HepaBeHCTBY (7) npu n > 38,. 
menyeT “3 TomyectBa **. 


* OTHM YCAOBHEM JOJDKHI ObITh JOMOAHEHBI yCAOBHA TeOPeMbl 1 B 3ameTKe aptopa (5). 
** Tipn 2< n <3 HYKHO MOMb3OBaTECA APYTHM TOMMECTBOM, KOTOPOTO MBI He NPHBOAHM. 


825: 


m 


% (4nQ — Age @ gr Bb) = a) Apr 3) Autti 


Ail Ui at 


1)(n—2 =f . 2: 

+ GENO S14) (08s 0 ere 
oe Lj=1 

(n — 3)(n — 2) 


ba |i Au — Au NlPb)sl, (10 
B 
rye A;; =0A,/dp;, {8} — Ha6op couetaHut u3 uncen 1, 2, , m TO TBA! 


Mos — MMHOPbI BTOporo nopsyKa MatTpuul ||A;; + Aj |),j—1,2,...,m, COCTABJIEH| 
HbI€ TaK, UTO B OOpasyeT CoueTaHHe C HOMePOM CTPOKH, a 6 — C HOMEPOM CTO.) 
na, Ecaw 8 = (i, jf), 70 (p8)p = pibs — py. | 

CyMMMpOBaHHe BO BTOPOM CylaraeMOM MpaBOl YaCTH TO*KDecTBAa (10) npons: 
BOJUTCH MO BceM coveTaHHAM. KpagqpaTuaHaa cdbopma | 


2 Mes (pE)p (p&)s 


OTHOCHT@IbHO MepeMeHHBIX (p&)g ABAAeTCA MOMOMRKUTeMbHOH (cm. (°)). 
4, IIpeqnonoxKuM Tenepb, YTO ypaBHeHHe uMeeT Buy (1) H ero MuaqUIne 
WJICHbI B HEKOTGPOM CMBICJIe NOJYHHeHI crapiiMM. IIpnpeyem OAHH 43 BapHan} 
‘TOB TaKOH MOJYMHEHHOCTH. 
IIpenctasum 06 (x;, u, p;) B BUG CyMMBI 


b (xi, U, pi) = b1 (x7, B, pi) + ba (X72, pd); 
bi (x;, 0, pi) = b2 (x;, 0) = 0. 


rye 


[lycTh KoasdpuMenTsl ypaBHeuua (1) a; Hb yqoBseTBOpsAIoT ycuoBuaM 1—4 Teo 
pempbl 1 Hu ycloBH1o 6 TeopembI 2 cTaTbH (*) H HepaBeHCTBaM 


Ot <C,(T2 4 |ul241), bu K (T+ Jul? + 1) ut. 


IIpu 9THX MpeqnoMOKeHHAX Pa3pPelIHMOCTb pPpaCCMATPHBaeMbIX KPaeBbIx 
3aa4 MOKeT ObITh NOMyYeHa TEM KE MeETOIOM, 4TO H AIA ypaBHeHuaA (4). 
Ilapametp B ypaBHeHue (1) BBOAUTCA cmeqyIOulHM O6pa3som: 


a 0 } bi (x,, u, P;) be (X;; P;) 
—> $A PE = I(x), 
ame = ox; ae renee el BON aay i( ) 


m R n—2 
me Q = | > Aip:| ” + d\u\"—; A; — oqnopoyHad OTHOCHTeIbHO p;TraB 
t=1 
Haft wacTb a;, d = const, ompeqeiseMadt JaHHbIMH 3aaun. 
ITpumewanue npu Kkoppexmype. Ylocnme Toro, Kak cTaTba Oba ClaHa B 
neyaTb, BbIuIH padoTn M. B. Bummxa (°,”), B KOTOPpbIX HHbIM MeTOJOM pac- 
CMaTPHBaworcd aHaJIOrHUHble 3aaun JIA CHCTeM. 


Tlocrynuao 
22 


UHTHPOBAHHAA JIMTEPATYPA 


: 10. A. Jlanuxenckas, H.H. Ypanasnespa, YMH, 16, Ne 1 (1961). 
T. B. Coaomsx, Hsp. Bucm. yue6u. sanen., Matematuxa, Ne 5 (1959). 30. A: Jlad 
WbaKeHC KAA, TAH, 120, Ne 5 (1958). * T. B. Conomak, JIAH, 127, Ne 2 (1959)! 


ie Die Ilupoxos, TeHzopHoe ucuncnenve, 1934. ®©M, HM. Bumux, JJAH, 137 
N: 3 (1961). 7M. WH. Buurux, JAH 138, Ne 3 (1961), | 
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Jjoxnagn AkaweMun HayK cCccP 
1961. Tom 139, Ni 4 


KHBEPHETHKA H TEOPHSA PETYJINPOBAHHA 
M. B. MEEPOB 


O CTPYKTYPHOM MOMEXOYCTOAYUMBOCTH OAHOLO KJIACCA 
3AMKHYTbIX JMHAMHYECKHX CHCTEM 


(ITpedcmasaeHo akademuxom B. H. Hempoewum 18 III 1961) 


_ Pacemarpusaerca 3aMKHyTasi JMHaMMYeCKad CHCTEMA, HaCTHbIMH cay4uaaimu 
OTOPOH ABIAIOTCA CHCTeMbI ABTOMATHYECKOTO pPeryAMPOBAHUA H yipyrue cucte- 
[bl C OTPUILATeMbHOH OOpaTHOK CBASbIO. ; 
Cuctema cocrout u3 N 9nemeHToB Cc MepesaTOuHbIMA cbyHKWAMAMH 
CR; (P)/D; (P). Vis o6mero aca 3J1eMeHTOB jlelicTBUIO MIOMeX TOJBEPKeHbI 
| + m,' KOTOpbIe pacnOsOx%KeHbl B pa3/IMYHBIX MeCTAaX gaMKHyTol wenn. Ja mpo- 


i 
& 
& = rl = 
= = a ee $/< a 
a |~ Soe It Pe 2|{ ec as] 115s 
—S ja EN ims | a >} 8 z % 
sey AS 1. 5 ¥ OW ese : 
a a Q\s° Ras Hie <)S 
= <= x< 


ae 
| 
VI 


ey res 

iQ 
38 Be aS 
SSS al Se 
ThA 3.2 SS] 
als) Sis Fils 
es ad a3} 


Pue. 1 


STOTHI TIPEAMOMOKUM, UTO G ZJEMCHTOB, KOTOPbIC MOABEPACHHI JCHCTBHIO TIOMeX, 
SOcpeOTOYEHEI B OHOM MeCTE, a OCTAIbHBIC 7 HaXOMATCA B ApyTOM MecTe 1e- 
MU, H MeKy & MM HaxOATCA B 9EMCHTOB, KOTOPbIC HE NOJABEPAKCHHI jleHcTBHIO 
fomMex. Takoe paciloJlomweHHe 3JIEMCHTOB B JMHAaMMyeCcKOH enw BbIOpaHO AA 
yVIPOMeHHA BLIKMaZOK. BpiIBOAbI, KOTOPbIC 6yayT MOy4eHbI, CMOryT ObITb 6e3 
TpyWa UCMOMb30BaHEI MIA MOOOTO PaCMOMORKCHHA S/TEMCHTOB. E]qMHCTBeHHOe 
YCNOBHE, HaKaqpIBAeMoe Ha PaCMOMORCHME SACMCHTOB, SakJNOUAeTCH B (oy (CS 
Rytoulem, O603Hauad Kak Hayao JIM BXOA J[MHAMMYeCKOH Welw MecTO, re IIpH- 
NOKeH MOMe3HbI CurHas (MbI MOaraeM, YTO Ha BXOME HMCCTCA TOvle3HbIM CHT- 
Han, He cosepxKallui mMOMex), CUHTAeM, YTO MePBBIe V SJIEMEHTOB HE MOABEp- 
KeEHbI elicTBuIO MOMex, rye Vv — juoooe 4Yc0, OTMHUHOe OT HyAA. Tak Kak 
OMeXa MOXKET OLITh MPHO*KeHA HE TOMbKO K BXOy 3JIEMeHTA, 6yeM CUHTATb, 
HTO epeqaTouHad (byHKUAA OT BLIXOJa WAHHOTO 9eMCHTAa K MCCTY IPHJ1O7KeCHHA 
MOMEXH OTAMUHA OT MepesaTOUHOH PyHKUAH STOTO 3/IEMeHTa O603HaYHM ee 
wepe3s KR, (P)/D; (P). 

Ha puc. 1 npegctaBiena cxeMa paccMaTpuBaemoro Cilyyad. 

Ha xapakrep jeicTBylOuMX MOMeX HaKMaNbIBAcTCA eAMHCTBCHHOC orpaHH- 
yeHHe, 3aKMOUAIOMeecA B TOM, 4TO OHH HM BCE UX MPOMSBOTHIC MOIAKUDI ObITb 
OrpaHHyeHbl MO Mojo | if | Po ak, ie OcTabHOM? HOMEXH (MOFYA) 
ObITb JUOSBIMH, B “aCTHOCTH CydalHEIMH PyYHKIMAMM BpeMeHH. 

| Jlanee yoKxa3bieaetca crenyloulee cBOlicTBO paccMaTpuBaeMmoro KaCca CTPYK- 
Typ, KOTOPOe MbI Ha3BaIM CTpyKTypHOM TOMeXOYCTOMUMBOCTbIO: TOUHOCTbh BOC- 
HpouspeyeHuA MomesHOro CHPHaa X57, MOAHHOTO Ha BXOA CHCTeMbI, OyeT 
TeM OOMbIUIe, eM OOMbIIe KOSPPUNHEHTEI YCHJICHHA SJIeEMeCHTOB, KOTOPBIC HETIO- 
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CpefCTBEHHO, M3BHe, He MO_BePXeHbI eHCTBAJO MOMeX; NOMaBJIATECA TOMeX 
GynyT KosppPHUMeHTAaMH YCHICHHA 9JIeMeHTOB PacHOIOKeHHEIX B RMHAMHY 
KOH Wenu nepey 3eMeHTaMH, MOJBeEpXKeHHbIMH JeHCTBHIO MOMeX. 

Ans OKa3aTeIbCTBa HalijemM nepegZaTounylo *yHKUMio CHCTeEMH, MpeAcTa 


AeHHOH Ha puc. 1. 
Jlna 9eMeHTOB, He MOABepxKeHHEIX JeHCTBHIO MOMEX, MOXKHO HallHcaTb: 


K,R, (P) | 
X44 = py (1 1 


as 3JICMCHTOB, ILO(BepKCHHbIX elicTBuro MOMeXx: 


RAP) KR) (P) 
Xj = ~D; (P) xp D, (Py I 


Ha ocuopaHun puc. |, NpOH3BOAA BHIMMCJICHHA, MOJLY4HM ciepytloulee BhIpa 
MKCHHE JIA BbIXOJHOH BeJIHUMHEI: 


eran KR, (P). K,Rn (P) ; 1 , me es KR; (P) K,Rn (P) Os, 
Fee DP: ED MP) ma) coe ee RON 
Bm atj @ , , 
K,R,,(P) = fe Rip hve Pheer ee 
+ ell oa DT A Seti t+ 
D, (P) =oHi j=20t+/ Pye P) Dit ja 
m+i m 
KiARn (P) >} Kijaver  Kepagee pe Rot oteares apes 
as (P) j=? e=j Dyi ai p47) Dc shps toa 
K,R,, (P) ) 
D,@) I Se 


IIpeqno0KuM, 4TO Kos*ulv eHTE! YCHJICHHA SJIEMCHTOB, KOTOPbie He Mof- 
BEPKEHbI HEMOCPeCTBCHHOMY J[CHCTBHIO MOMeX, MOryT One gerne pocta- 


TOUHO ConpmiumMu. Torga, pa3sqenus Bce ypaBHenue (3) Ha il K; IT 4 060- 
t=1 j=v+a+i 
3HaquB 1/K; = m, NoWyYHM Mocse SeMeHTapHEIX TpeoOpas0BaHHn: 


v+a-+B-in a m 


[m+® J] p&p) J] DuP) J] DP) Da(P) + 


f=1 f=v4+1 e=v+a+fh+1 
a 


+ KnRn(P)DAP) J K:Re(P) I] D¢P) TL KjRAP) x 
j f=v+1 j=v+1 j=v-a+P-1 
x J] D,(P)| xeux = KeRa(P) Da(P) TY Kiki (Py [8 KR, PY 
e=vta+B+1 t=v-+1 j=v+a+B41 
a m B-+m 
x TL Dery TL DeP yet mK Ra(P) [] RiP) x 
javieT p=vtats +1 i=a-+1 
a yvta 
<Y TKipe Rote (P)Ki47 Resa (P) T] Di (P) {Dogs (P) + 
p=1 f=} 
a--B a m i 
+ Desa (P) Dogs (P) +. + TE Diy} TL Dap) TE DP) fat 
bray veel iv i=v+a+B+i 
+ m+? K,Rn(P) I D; (PYbDepagg(B) Degas (Beis oa (P)stsons 
$28 


m+1 m a 


nt 
ATL Diperots (P)|D TD KepaporRetarers(P) TT Di(P) x 
jai j=2 p=1 f=v-+1 
~ TL DUP) Kietetin Repetotia(P)fatia + 
javto+B+i 
v+a-+B-+m a ; m : +. 
ame J] DP) I] DuP) [Ll 9 Di(P) KaRa(P) fn (4) 
i=1 i=v+1 javto+68-1 
Viz ypapuenua (4) BuqHO, ¥TO 
) lim Xpux°= Xor- (5) 
m—>0 


Takum o6pa30M floKa3aHO, UTO: 

1, J[ua pacemaTpuHBaemoro K@acca CTpyKTYp NOMeXH MOXKHO MOaBHTb yBe- 
HICHHEM KOXPDPHUMEHTOB YCHJICHHH 9JIEMeHTOB, Ha KOTOPHIe HelOcpeACTBeHHO 
OMeXH He JeHCTBYIOT. 

_ 2. Tilomexu OyAyT mosaBAATbCA TeM CHJIbHee, 4eM Jambille OT Hadala HaXo- 
ATCA SJICEMCHT, Ha KOTOPbIM MOMeXH MeHCTBYIOT, 4eM OombIle M0 TOTO 9/1eMeHTA 
MeeTCA 3JIEMCHTOB, Ha KOTOPbIe HeMOCpeCTBCHHO He elicTBY!OT MOMeXH, H 4eM 
IbUIe KOMPhuUMeHTHI yCHJIeHHA TOcMeqHUX. B oOuyem cilysae ypaBHeHHe AA 
SIXOIHOM BeIMYHHEI B pacCMaTpHBaeMOM Kylacce CTpyKTyp MOXeT ObITb 3anH- 


aHO B cueMyroulel cbopMe: 
NG iguana Fy, (P) “a Ro(P)] X eux =Ro (P) Xor =r m” DF: {P) fi:+ 


' 


Bee) Fern (P) fp Sin mer te Ba (Py fay (6) 
rei 


npn m—0 Xeux = Xor. 

[ina peamu3anHu HeOOXOJMMO, uTOObI CHCTeMa OCTABasiacb ycCTOH4HBOH pH 
3 > 0 uau, uTo TO xe, upu K; — oo. Jrofycmosve OypeT BbIMOHeHO, ecu 
aCCMATPHBaeMble CTPyKTypbl OyAyT NpHHagqexkaTb K Kaccy CTpyKTyp, y¢CToH- 
MBLIX IIpH HeOrpaHHueHHOM yBenMyeHHU KORpPpHmMeHTOB ycuuenusA (*). 


VinctHtyT apToMaTHKH H TeJleMexaHHKH Tlocrynuno 
Axkayemuu HaykK CCCP 16 III 1961 


IMTHPOBAHHAS JIUTEPATYPA 


_ iM. B. Meep os, Cuutes ctpyktyp CHCTeM aBTOMaTH4eCKOrO peryJIMpoBaHHA BHICOKOM 
ounocTH, 1959. 
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Jlornann Arkagemun thayx CCCP 
1961. Tom 139, Ne% 


KHBEPHETHKA H TEOPHA PEI YAHPOBAHH 


M. JI. WETJIWH 


HEKOTOPbBIE 3AQAUH O NOBEJEHKHW KOHEYHbIX ABTOMATOB 
(IIpedcmaeaeno axademuxom H. IT. Iempoecxum 22 III 1961) 


SaMeTKa MOCBALLeHa M3y4CHHIO MOBeCHHA KOHCYRBIX ABTOMATOB B cpeja 
pearupyioujux Ha UX jelicTBHA cayuanHbIM oOpasom. B npeqnonowKennn, 4T 
cpeqa «uTpatbyeT aBToMaT C BepOsTHOCTHIO, OmpeneeHHOH JIS Kaxkoro u 
ero WelcTBH, OyeT MOKa3aHO, 4TO (byHKUMOHHPOBaHHe aBTOMaTa IIpH 9TOR 
onucbipaetcs 1enbio MapKosa. IIpusogutca mpuMep aBTomata (aBTOMAaT Cc JIM 
HefiHoll TaKTHKOli), JWIX KOTOporo MaTeMaTHYeCKOe OKUMAHUe WTpaca nagae 
C yYBEMUeHHeEM CMKOCTH TaMATH HW B pepene COBNayaeT C MAHHMAJIbHO BO3MO 
HbIM B jaHHoH cpene. Jlamee usyuaetca MOBe CHE aBTOMaTa C JHHeCHHOH TakTH 
KOli B cpeyle, 83ABHCHMOCTb BeEpOATHOCTHBIX CBOHCTB KOTOPOH OT BpeMeHH onpe 
yemsetca menbio Mapxosa. [loka3aHo, uTO B 3TOM cayyae MaTeMaTHYeCKOe OK 
qaHue witpacba ocTuraeT MHHHMyMa IIpH HeKOTOPpOH PUKCHpOBaHHOH eMKOCT 
TlaMATH VM pacrTeT C ee JaJIbHeHIIMM yBeJIHYeHHEM. 

1. IIlpennomoxuM, uTO BxoqHaA MepemenHaa s (Z) (¢ =1, 2,...) KoHeuHO 
ro apToMatTa % MOwKeT NPHHHMAaTb JIMUIb- yBa 3HayeHuA Ou 1. SHauenne s = 
MbI OYJI€M Ha3bIBaTb LIT p aqoM, a 3HaveHHe S=O—HemTpadgom. IIpe 
MOJIOMKUM Jaslee, UTO ABTOMAT MOXKET HMETb / COCTOAHHH G1, . . . , Pm. Uncno 
Ha30BeM.€C MKOCTbIO 1aMATH aBTOMaTa. CoOcTOAHHe aBTOMaTa B M 
MeHT ¢ O6O3HaUHM @ (f). 

ApTtoMaT 3ayqaetTca Matpuuelt A (s) = | diz (s)| (i, 2 = 1, ..., m) coctos 
HHH aBpToMata. Matpuua A (s) cence Tlepex OMbI cocTosHHii: ec B MOMeH' 
f aBToMaT % HaXOJMJICA B COCTOAHHH Q;, TO B MOMeHT ¢ -++ | aBTOMaT Tlepenme 
B TAKO€ COCTOAHHE Qpy, AWA KOTOpOrO Aj (Ss (¢ + 1)) = 1. Kaman ctpox: 
MaTPHUbl COMep2XKUT IPH KaxOM PUKCHPOBAaHHOM 3HAaYeHHH S B TOUHOCTH OHI 
3IEMeHT, PaBHbl e€HHHIe, Aa OCTAIbHbIe 3JICMCHTLI CyTb HysH. Taku 
MaTpHupl B (7, *) Ha3BaHbl 1 pOCTHMH. 

Ilo mMarpuue A (s) cocTOAHHH aBTOMaTa JIA KaxKyorO s (Ss = 0, 1) MoxH 
nocTpouTtb Trpad coctosxAuuH. I]puH 9TOM KaxKOMY COCTOAHNIO. GQ; aB 
TOMaTa CTABHTCA B COOTBETCTBHE BeplHHa ¢t rpada, a KaxKOMy HeHYJIeEBOM 
MATPHYUHOMY SJIEMeHTY Qjz (S) — CTpeiKa, HalpaBJIeHHaA H3 BepIHHbI i B Bep 
uuny k. BeneycTaue mpocToTst MaTpuubl A (s) 43 KaxKOH BepLIMHbI rpada c 
CTOAHMHM BEIXOAHMT B TOUHOCTH OfHa cTpemKa. Ilo rpadham cocTosHuH MOH 
OMHO3HAYHO BOCCTaHOBHTb MaTpuuy cocTosHHH A (s). 

IIpeqnon0xuM Jlaee, UTO BLIXOHadA MepemMeHHas /f (t) aBTOMaTa MOKeT pH 
HMMaTb TOJIbKO Ba 3HaueHHA O u 1 B 3aBMCHMOCTH OT ero cocToAHHA @ (Zt) 
i) =/ lg @1*. Ipu stom mer 6ynem ropopuTb, 4YTO aBTOMaT MpOH3BOmH’ 
OHO U3 IByYX he fic TBH it Ora 

2. OOpaTuMca Tenepb K H3y4eHHIO (by HKIMOHM POBaHMs ABTOMATOB B cpefax’ 
pearHpyloulux Ha HX JeHCTBUA CyyaHHbIM OOpa3oM. 

Mot OyeM TOBOpUTb, YTO ABTOMAT (pyHKIMOHMpyeTB CTAaMHOHAPHOT 
ChyuanHHok cpegze C =C (po, pi), ecnu 3HayeHuA BXOHOM MepemMeH 
HOH M leHcTBHA aBTOMaTa CBA3aHbI Tak, uTO pelictBue f (f =O, 1), npous 
BCCHHOC AaBTOMATOM B MOMEHT ¢, MOpowaeT B MOMeHT? + | 3HaueHHE S = | 


* 
STO paBeHCTBO H MATPHILa COCTOAHMM MOHOCTBIO ONpeyerso0T aBTomaT. B yaCTHOCTH 
MO HUM MO2KHO BOCCTaHOBHTb KaHOHHYeCKHe ypaBHeHHA aBTOMaTa (nozpo6uee co. (1, 2)). 
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uTpac)) ¢ BepOATHOCTEIO pj HU 3HayeHHe Ss = 0 (HemITpad) c BePOATHOCTHYO 


fp = 1 — pj. 
TlomoxKuM W3 eCTECTBCHHbIX COOOpaxKeHHi CHMMeTPHH Mm = 2n U 
mo) =.0. upu j = 1)... an; P(e onl Upn. fat l wa.) 2M (1) 


Ora BePOATHOCTh Pie TepeXOfa aBTOMAaTa M3 [-rO COCTOAHHA B k-e onpeye- 
seTca opmMyvion 


i Podiztt) goa) Vuph bl)... , 1; ; 
ce ate L\exts-G1dze (0), pm, t 22 2, 4-1... 20 C, 
V3 npocrotst Matpuup A (s) cmeqyeT, TO Matpuna P =|/p;,|| aBaaeTcs 


TOXACTHYECKOH, TaK 4TO PyHKIMOHHPOBaHHEe aBTOMAaTAa B CTAIMOHapHOH Cuy- 
aliHoii cpeyle ONMcbIBaeTcaA CTalHoHapHoli menbIo Mapkosa. Bes cymecrBeHHoro 
TpaHM4eHHA OOWIHOCTH MOXKHO MIpeANOMOKUTH, YTO 97a Web ABIAeTCA Spro- 
WuecKOli, T. €. UTO CyILeECTBYIOT MIpeeIbHbIC BEPOATHOCTH COCTOAHHH aBTOMAaTA, 
@ 3aBHCAUMe OT erO HavaJIbHOrO COCTOHHHA. 

_ O6osHayuM 7; MpezetbHyIO BepoOsATHOCTh cocToHHHA gj. Torga MaTemaTH- 
eckoe oxupanne M = M (Y, C) mtpada 2A apromata %-B cpene C BbIpasuT- 
A copMys10n 
. n an 
M(%,C)= pod rit Pr Dvr . (3) 


j=1 j=n+1 


Tlyctb qanee Mmax = max‘po, p1), Mo = */2 (po + pi), Mmin = Min(po,p1). 
Torga, ouesuqHo, Min <M < Mmax. Uenecoo6pa3HocTb NoBezeHuA aBTO- 
fata MOXKHO ompeyemuTb Kak OnusocTh BesMUHHE! M kK Mpin; aBTOMAT, JA 
coTroporo M = Mo, ecTecTBeHHO Ha3BaTb ABTOMATOM, He OOMAaLaIOWHM Il € WI e- 
-OO0OOpazsHHM NOBECRECHHEM. 

IIpuBeyemM MpuMepbl aBTOMATOB C IeIeCOOOpasHbIM MOBeLeCHHEM. Ilyctb aB- 
omat Li UMeeT Ba COCTOAHHA G1 U G2, f (pi) = O, f (~2) = 1. Marpuna coctoa- 
iui HMeeT BHI, 

Oa V0) 
A (1) =(4 ah A (0) =(9 1) 
r. €. COCTOAHHA ABTOMATA MeCHAIOTCA IPH WiTpade MH OCTaWTCA HeH3MeCHHBIMU 
Ip HewTpade. Torza, B cooTBeTCTBUH c (2), Mbl HMeeM 
} =f 4 ie PA 20 2) 
< ( "1 2 pot Pi 


Dr gi’ pot pi’ 
A cormacHo (3) } 
F PoP 

ms (h1, . Se \Por Ries 

HetpyauHo mposeputs, uro M < Mo (paBeHCTBO HMe€eT MECTO JIHIIb NpH 
po = pt). 

PaccmoTpuM Tenepb apTomaT L, (aBTOMaT C AHHEHHOH TAaKTUKO i*). 
ror apTomatT umeeT 2n cocTonHUli; rpad cocTOAHHH Avia Hero W300paxKeH Ha 
puc. 1. Emy coorsetcTByeT MaTpHila COCTOAHHH, SJIEMEHTHI Azz (s) KOTOpo ompe- 
WeIAIOTCA CJIEMyIOULHM OOpasoM: 


ange ups, i) — 2) 3) qo4 8 AR a nn28 Wk ase diy, 
ail (0) = Gn n+ (0) SS ie i 
Ge (lj) npn Pee 2 thee LARA 1 nnd 2A lan k=i+1; 


-An,2n (1) = Qon, n (1) = i. 

OcTaNbHBIe suleMeHTBI cyTb Hy. JeiicrBua aBToMaTa 3afaloTcA dop- 
Mysiamu (1) **. 
Ss 
i * TOT aBTOMAT ABJACTCA CCTECTBEHHEIM O6o6meHHeM Ly. TepMHH «JHHeHHbI» CBA3AH C BH- 
Hom rpaca. 

** MakeTbl aBTOMATOB C JIHHeHHOM TaKTHKOM ObIJIH MOCTPOeHLI H SKCHEPHMCHTAIBHO H3y- 
mennt B. JI. Byitoppim 


: 
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AR, 

Ilo matpuue A (s) « cbopmywiam (2) HeTpy—HO HaiiTa MaTpuuy P = |pir 

I€peXOMHbIX  BepOATHOCTeH HM BBIYHCHTb” MpeZebHbIe BePpOATHOCT: 

ty (if = , 2n) cocTOAHHH aBTomata. Jia MaTeMaTHYeCKOrO OmKHTaHH 
mtpada M cA C) MbI momyuaem: 


Ph — 1% Pi — 94: 
PoP 3 == sa Po oa 
M(Ln, C)= —_— : (4 


By ete eet 
ap ee 
Po— Fo Aan 


Baxuo oTmetuts, uTo M (Ly, C) apnaetca yObiBatoinen PyHKuUMeH eMKOCT 
maMaATH no uw uTO pH Mmin < Ve 


lim M (La, C) = Mumine! (5 


n+>co 


MoxkHO MOCTpOuTb aBTOMAT, aHAJIOHUHbIM ABTOMATY C JMHeEHHOM TaKTHKOM 
Ho umeromua k qelictauli fi,..., fe (by HKIMONMp yioulai B CTaljHOHapHod 
aa cmyuaiHon cpeye C—C (pi,. . . ,pr) 


Or-- a eee et ee ee rye p; — BepoATHOcTh wiTpacha 3 
12 ation ga art wenel melictane f;, U BLIVHCAUTD JA Her 
MaTeMaTHYeCKoe OKUMAHHE ITpada 

ney KOTOpoe TakxKe yObIBaeT c yBemHue- 


HHC€M CMKOCTH TlaMATH UH B mpemene 
fo2 af phn bet nad pl (Se anes ail 
3. OOpaTumca Tellepb K H3y4eHH 


Puc. 4 NOBeeCHHA ABTOMATOB B_ cpejax 

BePOATHOCTHBI€ CBOHCTBA KOTOPBIX JalOTCA MapKOBCKOHM IelbIO, 
PaccMOTpHM l1pocTelilltyio «cocTaBHy1o» cpeny K = K (Ci, Cs, 3), saqanae 
my1o wenbio Mapkosa c AByMA cocTOsHHuamH Ci uw Ca w MaTpHueH nepexogHEIx 


BepoxTHocTteH A = (; * ; { Gi 5)>d <M. 


Met GyeM TOBOpHTb, 4TO aBTOMaT ¥% Ba ET a AE Le 
B3aUMOMeCHCTBYET C COCTAB- ae Saree 
HOH cpegodu K, ecau B Kab Mo- eal 
MeCHT BpeMeHH OH (PYHKWMOHUpyer B OMHOH as 
u3 cpeq Ci mu60 C2, T. e. B KaxkybI MO- One 
MeHT BpeMeHH ero elcTBHA HW 3HaUeCHHA G40 
BXOJHOH NepeMeHHOH CBA3aHbI TaK, KaK wi 
3TO OBO OMMCaHO BbIMe BAIA OHO H3 GS6r We Se) See 
cpeg. IIpu sTom ecmu B MOMeHT ¢ ABTOMAT peas TS -------- 
(PyHKWMOHHpoBa B cpeme Cc, = Q32 
=C (pi), p@), To B MoMeHT ¢ + 1 on 6y- eas Dk Budi AeE TE 
qeT c BepostTHoctnio | — $6 cdyHKuMoHH- ig ep ete 
POBaTb B TOH Ke cpeye H C BEPOATHOCTHIO 
6 — B apyroi. Puc.-2 
Mbt 6yeM roBopHxTb, 4TO es S apToMaT — cocTaBHasd cpegxa Haxo_UTcsA 
8 MOMeHT ¢ B CocTOsHHH *p%) (i —1,..., 2m; ==], 2), ecam B JTOT MOMe€HT 


aBTOMaT HaxOJHTCA B COCTOAHHU Pi a cocTaBHag cpewqa — B COCTOAHHH Cz 
BepoxTuHocTu ep e€x OJOB COCTOAHHH CHCTeCMbI OMHCbIBAIOTCA KIeCTOUHOH MaTpH- 
wen I] = {Xz el) i, k es |e RIL: 


oad 


n (Ferdi (0) ‘GBP =) Laz (4) po? + aig Ogg? }8 6) 
Main 1) P® Hay 0) (P18 Laz, (4) pi? + ag (0).42)(4 — 8) 
re 8 = 0 nputb=—1,...,0 4 Be bnpw deme) aie 


B npeqnoox*KeHHu, 4TO paccMaTpHBaeMad CHCTeMa ABIAETCA 9progquyeckoH, 
npeAeIbHble BeposTHoctH r\*) cocTosHHii ~p cucremp! S He 3aBHCAT OT HadaJIb- 
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X cCOCTOAHHH. Torga MaTeMaTHy¥ecKoe oxkH_aHHe wiTpada BbiIpasHTcA 
pMyJIOH 
n 2n n 
Seer = p>) ep Dre p>) r+ ph Dr. (7) 
i—t f=n-+1 = f=n+1 
Jia apToMata Cc JMHeEHHOM TaKTHKOH, OMMCAHHOPO BbIIUe, MOXKHO BbIYHCJIUTb 
ECIbHbIC BEPOATHOCTH COCTOAHHM CHCTeMbI HM OmpemeruTh Benny M (Ly,K) 
TeEMATHYeCKOrO OKUMAaHHA WTpada. TaKkoe BblunceHHe (WIA cyyan p\) = 


p°) =p; po) = p® = 1— p) npusoguT k dopmyaze 


= (a — 1)? ch ny — 1 

a(Ln, K) at oi aD Ay ond a i y ’ (8) 
T— 26 (% + 1)? ch ny + (2 — 1) cth ~> sh ny 

(=a)? G3) 
2a (1 — 26) 


2n 


SP 5 
> Oo = ny 5 ch y == 

puc, +2) (p.— 0,33). 

HerpyyHo yOequteca B Tom, uTo M (Ly, K) QocTuraeT MHHuMyMa /™m IIpH 
KOTOPOM KOH€4HOM 3Ha¥yeHHM f =o e€MKOCTH NaMATH;, clyuan n =O u 
= Co He JalOT BbIMIpbillla 10 CpaBHeHH!O C aBTOMATOM, He OOVIaaloulHM Ile- 
cOOOpa3HbIM MOBeeHHeM. 

‘Hasuune sTOrO MAHUMYyMa MOXKHO OOBACHHTD TEM, YTO IPH CAMUIKOM MaJIOM 
bEMe TaMATH HELOCTATOUHO HCHOb3yeTCA HHPOPMalHA O TOM COCTOAHHU 
CTaBHOM Cpebl, B KOTOPOM HaXOJHTCA ABTOMAT, a IPH Ype3MepHOM pocTe 7 
OHCXOMT, TaK CKa3aTb, yCPeHeHHe CTATHCTHYCCKUX CBOHCTB OOOHX COCTOA- 
if cocTaBHolt cpebl. EcrecrBeHHO mo3ToMy, 4TO c yMeHbINeHHeM 6 3Ha¥e- 
€ no yBenuunBaetca, a m — yMmeubiaetca. IIpu 56 — 0 Bbipaxenne (8) ne- 
XoquT B (4), Tak uTO no — 00, m > Mmin = min (p, | — p). 

Mopmyuia (8) MosBoAeT CTPOHTb aBTOMATHI C JIMHEMHOM TaKTHKOH, OOaaio- 
Ae HaMOouee WesecooOpasHbIM MOBeMeHHeM B JaHHOH cocTaBHOH cpeye. Pa3- 
eth d = 1/2— m MomeT CYKHTB ME POH pas MUYHMOCTH CaAy- 
PUHEX cpea CiuCeaaaa KOHEYHOTO aBTOMATA C AN- 
efiHofw TakTHKOM (B Hamem cayyae Mo = 1/2). SHayenua no u d 
If HEKOTOPHIX 3HayeHHl p HO puBezeHbI B TAO. | (B KAKO KeETKE ee 3a- 
[caHa Mapa 4YHCeN, MepBOe M3 KOTOPBIX eCTb fo, a BTOpOe ). 


—1. Tunwunpie kpHBble npescTaBJeHbl 


TaoOauna i 


... 0,001 | 0,01 0,082 0,1 0,32 0,45 

0,4 3:0,396 | 2:0,372 | 2: 0,336 | 4; 0,256 | 41;0,115 | 4; 0,032 
0,2 5; 0,294 3; 0,266 230,223 220 or 1; 0,065 1; 0,018 
6),.25 6; 0,244 LAS OA 2) SAOs1I2 22 Ondit6 4; 0,045 49/103012 
0°33 | 8:0:158 | 5:0:125 | 3: 0,091 | 2: 0,055 | 41;0,020 | 4; 0,006 
0,4 41; 0,089 6; 0,056 4; 0,037 2; 0,020 1; 0,007 4; 0,002 
0,45 16; 0,036 nO, O17 4; 0,010 2; 0,005 TORO OZ 1; 0,004 


Tlonb3ylocb cmy4aeM BbIpasHTb TiyOoKy10 mpusnatetbHocTb V1. M. Leup- 
auny, JI. C. Jledenesy u O. B. Jlymanopy 3a HHTepec HM BHUMAHHe K 9TOH pa- 
ore u DB. JI. Ecbpemosy 3a OOubLIy!O NOMOMIb B BbINHCICHHAX. 


Matematuyecknit uucTuTyT uM. B. A. Creksosa Tlocrynuso 
AxkayemuH Hayk CCCP 16 III 1961 
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Koxaangn Akagemuu nayk CCCP. 
1961. Tom 139, N 4 


KHBEPHETHKA, WH TEOPH A PEL SY JHPOBAHE 


A. 3. WbIMNKHH 


K TEOPHM MMMYJIbCHBIX ABTOMATHYECKHX CHCTEM 
© AMMLAWTYHO-AMNYJIbCHOH MOAYJIALHEM BTOPOrO PODA | 


(IT pedcmaenexno axademuxom B. H. Ilemposeim 26 I 1961) 


AMMJMTYQHO-HMMyJIbCHbI€e ABTOMATHYUeCKHe CHCTeMBI (a. H. C.) MOKHO HO, 
Pa3ACIHTb Ha [Ba Klacca B 3ABMCHMOCTH OT pOJa AMIVIMTYHO-MMIyJIbCHOH M 
RY AWM. | 

Ba.u.c. 1 nocaeqopaTeibHOCTb HMNYJIbCOB MIpesAcTaBAdeT COOOH HMNYJIbC 
OMHAKOBOL (pOpMbI, BLICOTLI KOTOPbIX IPOMOPUMOHAIbHbI 3HAYCHHAM BXOJHO! 
(Mo_yMpyroleli) BEHUYMHLI B JMCKPeTHbI€ MOMeHTHI BpemMeHH ¢ = nT (ammin 
TYNHO-MMNyJbcHad Monyaauna II poga). 

B a. uw. c. I BbIXoqHaA BeNMUMHA HMMYJbCHOrO 9SJIeMeHTa lIpeycTaBA 
co6oH MOCMe1OBaTeMbHOCTh MMMyJIbCOB wuTeIbHOcTH yT, rye OM yl 
a T — mepvoy NOBTOpeHNA, MpM4eM BepXYyWIKH STHX HMMYJIbCOB U3MeHAIOTCA TI 
3aKOHY H3MCHCHHA BXOJHOH (MOLYMPYIOULeH) BeEMUMHbI HMMMyJIbCHOrO 31eEMeHT 
(aMIIMTYHO-HMnyJbcHaa Mogzyaauua I] poga®*). 

Teopua a. u. c. I ZocTarouHO MO_po6HO paszBuTa (7°). 

A. u. c. Il MoxHO paccMaTpHBaTb KaK HEIpPepbIBHbIe CHCTeMBI, COsepKalllH 
B IL€MH OMWIHOKH KOU, MepHOAM4eCKH 3aMbIKalollHi (Ha BpeMa Y7) H pasMbiKakc 
IMH (Ha Bpema (1 — y) 7) mwenb (puc. 1). BemegcrBue storo a. x. c. II npencta 
NAOT COOOH CHCTeMy CO CKauKOOOpa3HO H3MCHAIOULHMHCA MapaMeTpaMH, cooT 
BeETCTBYIOINH MH MapaMeTpaM Ppa3OMKHYTOH H 3aMKHYTOM HeMpepbIBHEIX CHCTeM 
SametuM, uTO a. u. c. Il npn y = | cBo_ATCA K HeMpepbIBHbIM CHCTeMaM, a Ip! 
V <fa Rukia: Mc, 12 

B TeX HeMHOFOUHCICHHbIX paOoTaX, KOTOpble ObIIH MOCBALLeHbI a. H.C. | 
(°-°), QI COCTaBICHHA TOUHbIX ypaBHeHHH 9THX CHCTeM ** HCNOMb30BasICA H 
lipamMof nyTb. B Hayase Ha OCHOBE TOH HIM HHOH POpMbI MeTONa MpHMacoBblBa 
HHA pelieHHH 34MKHYTHIX H pa3OMKHYTHIX HEMPepbIBHbIX CHCTeEM COCTABIAOC 
PaSHOCTHOe ypaBHeHHe, CBA3bIBAIOIee 3HAYeCHHA OWIHOKH (HH HHO BeHUHHBI 
B Ppa3/IMYHbIe JHCKPeTHbIe MOMCHTHI BPeMeHH. SaTeM K 3THM Pa3HOCTHBIM ypa 
HeHHAM IIPHMeHAIOCh JHCKpeTHOe mpeoOpasoBanne Jlansaca (MIM, UTO 9KBHBA 
JIGCHTHO, Z-lIpeoOpa3s0BaHHe) H HaXOQHNOCb W300paxKeHHe, COOTBeTCTBYIOIIE 
3HaveHHAM IIpOWmecca B JHCKPeTHbI€ MOMeCHTbI BpeMeHH ¢ = nT. 

Jia cocTaBneHuaA ypaBHeHul a. u. c. I] MomwKHO MPHMeHUTb TeOpHio cucTe 
C MepHOAMuecKH H3MCHAIOWLMMHCA TapaMetTpamu (*). OqHaKO 3TOT NyTb NpHBC 
JT K OMpeeNHTeIAM O€CKOHEYHOFO NOPAAKA, BLIUHCJICHHE KOTOPHIX COMpsAxKeH 
C 6ObINMMH TPyTHOCTAMH. ba 

B nacTosueH pa6oTe u3maraeTcd MpxAMOM MyTb NomyyeHuA ypaBHeHH 
a. u.c. I] oTHocuTenbHO H306paxKeHHli MUCKpeTHOrO NpeoOpasoBanuaA Jlanmace 

B otamuue oT a. u. c. I ypaBuenua a. u. c. I] He anreOpanueckue, a HHTE 
rpasbHble, THMa DpeprobMa Cc BbIPOXKTCHHLIM ApOM. Pemlenue STHX ypaBHE 
HMM OmpememneT H306paxKeHve JMcKpeTHOrO mpeoOpasoBanua Jlanmaca, K_K¢ 
TOPOMy IIPHMCHHMMBI HEMOCpeACTBEHHO, pe3yJIbTaTbI Teopuu a. u. c. I. 


os B page pa6or, B uacTHoctu B (8), IpHHATO OOpaTHoe onpeseneHHe poya MOLYAAUM 
* Mol 3ecb He KacaeMcs pa6oT, B KOTOPBIX MOJIyYeHbI NPHOJHKeHHEIe ypaBHeHHA Ha oO 
HOBe 3aMeHbI a. u. Cc. I] anmpokcumupyromeli a. u. c. I. 
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Kak moka3axo B (*), ypaBHeHHe pasoMKHyTOii a. u. c. I] MoxHO MpencTaBHTB 
[OCHTeJbHO H300paxKeHHii B CMbICe JMCKpeTHOrO mpec6pasoBanua  Jla- 
aca(') B BHge: 
e, 
Z(q, &) =\We (q, © 2) X" (g, 4) dd, (1) 


0 


W* (q, € — A) mph O<A<e, 


1a se HpHecA<l. (2) 


pewaTounas dyukuna W* (g, €) paBua (2): 
; l 
, 4 € / 
W* (q, 9) =e > bre ef , (3) 
v1 Cie 


> gy — MOJHOChI NepewaTouHOH yHKIUMH HelpepbiBHo uactu W (q) (qua 
OcTOTbI OHH NpewmosararoTcA HeKpaTHbIMH), a c, = lim (q — q.) W (q) — 
4, 


CTOAHHBIC BeIMYHHEI; g = pT — Oespa3MepHblii napamerp. 


Pue. 4 


Una 3aMKHyToli a. u. c. I] cnpaBequuBo ycOBHe 34MbIKaHHA, KOTOPOe OT- 
CHTeEIbHO H300paxKeHHH 3amuleTcA B BHEe 


x (q, &) ek (q, 2) — 2s (q, &). (4) 


Mckmouaa us (1) u (4) 2" (q, &), nomyauM ypaBHeHMe 3aMKHyToii a. Hi. c. II: 
; 2% 


X*(q, ©) =F (q, 8) —\Wo (q, © — 2) X"(q, 2) dh. (5) 
0 
YuvTEIBad pasiM4yHOe aHaNTHYeCKOe mperctaBnenue W 4 (g, © — A) np 


< eu A > e(2)  3aMeuas, YTO PpasHOCTbh 9THX aHAJIMTHYeCKHX BbIpaKeHHit 
IBHa HMIIYJIbCHOH XapakTepHcTuKe 


L 
w(e—Ay= Si ce, (6) 


v=1 


eo6pasyem ypaBHenve (5) K BHZy 


(= 


X* (q, &) =F° (q, ©) —\ w(e — 4) X* (g, A) dh — 


—\etW*(g, 1+ e— 4) X*@q, A) dd. (7) 

0 
STO MHTerpadibHOe ypaBHeHHe MOMKHO paCCMOTPHBaTb Kak KOMOMHALIO 
dTerpasbHOrO ypaBHeHHA THMa CBepTKU Hu MpezrombMa mpu OS e<y. Penman 
0 BHaYale KaK ypaBHeHMe THMa CBEPTKH, T. €. paccMaTpuBaxd BTOpO! HHTe- 
Jayl BPCMCHHO KaK M3BeECTHYIO (PyHKIHIO, MbI CBEeM 3TO ypaBHeHHe K OOLITHO- 
y wHTerpambHoMy ypaBHenut0 DpeyrombMa, KOTOPOe MoOce HeECOXHEIX Mpeoo- 
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| 
I 


: 


pasopanuii M mogcTaHoBKH 3HayeHuh W* (g, &) uw (€ — A) OygeT UMeTb BH 


l eat he 
X* (q, ©) =F" (gq, €) — Ape eo Fg, 4) dh — 
p=1 6 
is bs) baa Gy.€ ¥ 
S} Cy e S p. a: \2 oa Te (q, i) ane ( 
v=1 ef — el par ty Ia g 


3neCb gy — Nosiocb NepexaTouKol tpyHKUMM 3aMKHyTOM HempepbIBHOM cHcTeM 


_ e®) 
Ks) = TW @ ° 
A, = lim (q — 4,) K, (g) — MOcTOAHHBIe BeJIMUMHEI. 
GinaGiy, 
VuterpaibHoe ypaBHenue (8) HMeeT BbIPOAKTECHHOe APO H MOXKET OBI 
pelleHO H3BeCTHBIM croco6om (°). Od6o3sHadHM 


€ 


Al eet aa 
Fi (q, €) = F*(q, &) — >) Ape™* \ et F*(q, A) dh, 


p= 0 
Cy gre Armed ne 
YP, (q, 9) an q qy >, - =) 
e arses q, I, 
i: 
By = \e™" X*(q, A) ad. ( 


0 
Torga ypaBHenue (8) 3anuuerca KpaTKO B Bue 


L 5 
X" (q, #2) = Fig, 2) — HYG, &) &. (IC 


’ | 
Ymuorkaa 06e uactu ypaBHenua (10) nae “* mw mHTerpupys no & 8B Mpeqena: 
oT 0 20 y, MomyauM cuCTeMy JIMHeHHBIX ypaBHeHHit 


Uh 
Ey BIG) ST EG Rene 2 dl 
y=] BY 
rye 
i 
By (q) =\e"**Fi(g, 8) de, a 


0 
, (Q5—95)¥ _ 
E. ( —4s ey" d ce" Loy ween ce oereen 
s.0(q) =\e » (G2) diay a area 'G, Pega.) 
0 = 
Pemenwe CHCTeMbI JIMHeHHEIX ypaBHeHul (11) oTHocHTembHO &, paBH 
1 Re 
Ags (q) ce . 
s=1 
rye 
1+ Ei, (9) Ey, (9) --. Eq, @) 


E. (q) 4-1 E., (G)in- Eos ( 
At (q) = 21 22 (4) ot (9) a 


6 (eT lw ete ie Wy veykw wen en oo Mier paee ts: bye 


ia Gate otis uae aa eid) 


* 
OMpeweIHTeIb cucTeMbl, a Apzs(g) — anreOpanyeckHe JONOJIHEHHA, COOTBeET 
CTBYIOULHEe 9IEMeHTY C MHAeKcaMuH & wu s. Ilogctapaas (13) B (10), Haltgem pem 
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€ HHTerpaJbHOrO ypaBHeHHA, OMpenaroulee Us0G6paxenne ommMOKH X° (q, &) 
eMbICIe JJMCKpeTHOrO mpeoOpasopanuaA Jlamuaca: 


« 


* ‘ : * : A 5 (9) * 
ao, 2) = Fi@ ) YG 2) > aa 2 )- (15) 


v=1 s=1 


0 u300paxkeHHe COOTBETCTBYeT MponeccamM Ba. H. c. I] np <2 =. y, dns 
peyenenua X* (g, &) mpH Y < & < | HyKHO MOM 3HaK HHTerpada B (5) BMecTO 
» (9, €— &) noncTaBuTh W (q, © — A) us (2) u X* (q, &) 3 (15). Ilo usBect- 
IM pe3yJbTaTaM TeOPHH MMMYJIbCHBIX CHCTeM a. H. C. | NO HaHfeHHbIM H30- 
axKeHUAM HAXOJHTCA Mpolecc HAM OMpesemsioTCA CBOMCTBAa 9TOFO Npollecca, 
IK, HallpHMep, UccleqoBaHHe ycToHunpoctu a. Hu. c. I cBoquTca kK ucceLO- 
HHIO pacno/ioxKeHHA Hye onpeerutemsA (14) B KOMIWI€KCHOH TJIOCKOCTH q, 
TOPOe MPOBOAMTCA Ha OCHOBAHMH KPHTepHeB YCTOHYMBOCTH a. H. C. IM (ye 
KUM OOpasoM, MosyyeHHoe BbIpakenue X° (q, €) WA a. U. C. I] cpoguT uc- 
eOBaHMe 3TUX CHCTEM K HCCeOBAaHUIO XOPOUIO H3yYeHHDIX a. H. Cc. I. Ilou- 
Cb CBA3bIO Me@xKy H300paxKeHHeM OObIUHOrTO H JMCKpeTHOrO mMpeodpaso- 


nuit Jlansaca (*), 


X (q) = \e—%* X* (q, 8) de, (16) 


7 


Sete 


YKHO HaliTH TakxKe M0 BbIpaxKenuio (15) us06paxenne X (q), K KOTOPOMy IIpH- 
CHUMbI, HalpHMep, OObIYHbIe YaCTOTHbIE METO/bI HCCJIEMOBAHHA HEMPePbIBHbIX 
iCTEM. 

OnucanHbiit BbIe MO_XOX pacnpoctpansercs Ha a. u. c. [bc 3ana3qbIBAaHHeM 
HEMPepbIBHOM 4aCTH H C MepHOMMYECKH H3MEHAIOWMMCA MepHOOM MOBTOPeHHA. 


VUncrutyt apToMaTukH H TesleMexXaHHKH Tlocrynusio 
AKkagemuH HayK CCCP 94 JT 1961 


WMTUPOBAHHAA JIMTEPATYPA 


19.3. Wemk un, Teopua HMilyJIbCHEIX CHCTeM, Mie mOnSa J, Ragaz a1 ni, 
| Franklin, Sampled-data Control Systems, N. Vid 1958 sean ler de Hels Vr Sampled 
ata Control Systems, N. Y., 1958. * G Farmanfarma, Applications and In- 
ustry, Ne 28(1958). ° HW. B. Wmkuu, Coopn. ApromaTHka H Teslemexanuka, M., 
O58. © W. A. Janos, IRE Trans. on Automatic Control, 5, Ne 1 (1960). 

B. A. Ta@7, AstomaTuka i TelemexaHuka, Ne 9 (1959). 8 9. 3. [woKkuu, Qex- 
pocnasb, Ne 4 (1961). °C. Tr. Muxauu, JJexunn no JIMHeHHbIM HATerpaIbHbIM ypaB- 
eHusamM, M., 1959. 
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Noxaagp Akafemun wayk CCCP 
1961. Tom 139, Ne 4. 


Axanemux HW. HW. APTOBOJIEBCKHH 


K TEOPHH YETbIPEXSBEHHbIX MEXAHH3MOB C ABYMSA 
NOCTYNATEJIBHbIMH NAPAMH 


PaccMOTpHM BOMpoc O JIMHeEHHO OrHOaroulMxX WaTyHHbIX KPHBbIX Me€XaHH3Mid 
(puc. 1), o6pa3s0BaHHoro JBYMA BpallaTeJbHLIMA HM JBYMA MOCTyMaTebHBIMI} 
mapaMM Cc wepelyIOWHMcA MX pacnomomweHHeM. IlycTb B NMOCcKOCTM WaTyHa 
BbIOpaHa IIPOM3BO/IbHad IpAMaxd u = uw. HalifeM MrHOBeHHBIM WeHTp BpauleHHs 
P watyHa 2 4 onycTHM w3 TouKH P nepnenyqukyiap PM Ha rpsamylo u— 
Touka M 6yyeT npHHaqiekaTb KPHBOH, JIMHeEHHO OrM6alouleH NpAMy!O wu — U 
OnyctTuM us Touku A nepnenyzukyssp AF Ha npaAMy1O uU — uM BBeeM 0603Hal 
yeHua AF =p, AE = pi, AG=au EB =b. 

YpaBHeHHe JIA CeMeHCTBa IPAMBIX Wu — wu OyjeT 


xcos6+ysin§ =p. a 


HJM | 
x cos (8, + y) + y sin () + y) =prcos yy. (2 
Bo3bMeM uacTHy!0 MIpOv3BO_Hy MO NapameTpy 6, OT BbIpawkenua (2) 
“Op. | 
y cos (8; + y) — x sini(8; 4° y) = gq cs ¥. (3) 
OrTpe30K Pp; OyweT paBeH ) 
_ a = Osings 
C155 pcos. Ort (4) 


Yactuaa mpouspoquaa Op,/d0, = VY 6yneT paBua 
_e@sin Vie. 
bas cos? 64 


(5, 


Ms ypaspnenui (2) u (3) momygaem mapamMeTpwueckHe ypaBHeHHA UCKOMOt 
JMHeEHHO OrMOalouleH KpHBOH 


x = [p1 cos (8; + y) — ¥ sin (6, + ¥)] cos y, 


y = Ip, sin 0, 4. yee eee nieeee © 


re PyHKUAN py = p, (9,) u VY = YW (6,) onpezenstotca ypaBHenuamu (4) u (5) 

Ecam yrom y = 90°, TO muHeHHO orHOatoulad KpuBad Tpanctbopmupyerca 1 

Touky A. IIpu yrne y = 0 ypaBHenusa muHeliHo ornOaromel OynyT HMeTb BH] 

% == py COS: 0, —— asin; (7 

y =p,sin 6, + YW cos §;. : 

l'eometpHueckuM MecTOM TouKH F OyeT NOsepa paccMOTPeHHOH JIMHEHHC 

orvOaiouleH KpHBOH, CCM B KauyeCTBe NOmOCa NOsepbi BEIOpana TouKa A. Ilo 
JIAPHOe ypaBHeHHe STO Mosepbl OyzeT 


a—bsin(§ —7) 


pie cos (§ — 7) 


Coss (8 
838 


Tlepexoya K IpAMOyrOJIbHOH CHCTeMe KOOPAHHAT, NOyUHM. 
t+ y?) [a cos y — (x cos y + y sin y)]* = 6? cos? y (y cos y — x sin y)*. (9) 
eOBaTeIbHO, Mosepa OyseT asre6panyeckoh KpHBou 4-ro nopAyKa. 


Ecau yrou y = 0, To mogepo GyyeT reomerpuyeckoe Mecto Touek E (puc. 1) 
ypaBHeHHe noyepbl OyleT 


= x) (8 + y= yt (10) 
paBHenue (10) ectb ypaBHenue naHkannpl (7). IIpud =a nowyaum ypaBHeHHe 


reOpawyecKoH KpuBoli 3-ro mopalzKa 
a*x — (2a — x) x* 


Utes a, aay (11) 


YpapHenue (11) ecTb ypaBHeHHe npaAMOH cTpoouyb c TOuKOH camorepe- 
yenua G. JleiicrBuTembHO, Mepexoya K cucTeme Koops~MHaT x1Gyi (puc. 1), 
WIYYMM ypaBHeHve cTpodou spl 
oObHOH dopme 


i PNT eS 
y= verear ot (12) 
V3 mexanu3mMa, moka3aHHOrO 
1 puc. 1, MomxeT ObITb moyueH 
sxaHH3M Jle6o (?), NOKasaHHbIli 
1 puc. 2. Ilapamerpuueckue 
JABHCHHA KPHBOU, JMHeMHO OrM- 
youleli IpAMy!o u — U, B M€Xa- 
igme Jle6o0 MOryT ObITb Moy4e- 
I H3 ypaBHeHH (6), ecuIM B HX 


YICTABUTh 3HAYCHHA JIA pi Uo Bueed 
| COOTBETCTBEHHO paBHble pi = 
-b/tg 6, un Y = — b/sin? 6: 
vat cos §#1cos(@i+ 7) , sin(61+ 7) 
x = bos | sin 61 T “sin? @1 | ; 


(13) 
ey cos §1 sin (01 + 7) cos (81 + ¥) 
y = bcos 7 | sin 94 i sin? Oi | rc 


IIpu yrae y = 90° muHeHHO orH6a- 
joulad KpHBaAd TpaHcopMupyeTcA B 
touky A. IIpu yrae y = 0 ypaBHenua 
JIMHeHHO OrMOalonleH KpHBOH OyAYT 


(1 + cos? 
a ey 
sin 91 
(14) 
cos §, 
ips — 
Y tg? 01 
Tlogepoii KpHBoli, onvcbiBaemon 
ypaBHeHusmu (13) ecaH B Ka4yeCcTBe 
flouioca BbIOpaHa TouKa A, OyyeT 
reomeTpHyueckoe Mecto Touek F 


Puc. 2 (puc. 2). 
YpaBHeHHe STOH NOMepbl B NOJApHOH copmMe OyzeT 
__ cost 
P=te0—7) - ) 


Tlepexona K MpAMOyroJIbHOl CHCTeMe KOOpAMHAaT, MOuly¥aeM ypaBHeHHue 
1oyepbl B Bue 
| (x? + y?) (y — x tg y)? = 8? cos? y (x + y tev)’. (16) 


839 


Ecau yrou y = 0, To nogepoit 6yeT reomMeTpuyeckoe mecTo Touek E, u ypa 
HeHHe nojepbl OyleT ypaBHeHHeM KpHBOL «Kanna» (7) 
txt = (x? + 9). (i 
V3 MexaHu3Ma, NoKa3aHHOro Ha puc. |, npHHaB 6 = 0, MowxKHO Nosy4H 
MeXa4HH3M, MOKa3aHHbI Ha pHc. 3. 
Ilapametpvyueckhe ypaBHeHHA KpHBOH, JMHeHHO OrMOalolleH MpAMy!o u — 


MOryT ObITb NOJTy4YeHbI H3 ypaBHeHuli (6), ECM B HHX NOACTABMTh 3HaYeHHA LT 
pi u Y, coorBercTBeHHO paBHble p1 = a/cos 6, u ‘Y =a sin 9,/cos? 6,: 


a 
x= seq, 08 (26, -+ y) cos y, 4 
ype ae sin (20, + y) cos y. 


COSS 


Y papHenus(18)— ypapHenua napadovl. BcaMom Jeve, Ol yCTHMH3 TOUKHA H 
mpaAmyro & — uw nepnexyuKysap AF u coequnuM Touky F c Toukon G. Torya, ka 
9TO ObIIO HAMM paHee MoKa3auHo (7) 
paccMaTpHBaeMbIM MeXaHH3M M 
2KeT ObITb 3aAMCHEH SJKBHBAJICHT 
HbIM M€XaHH3MOM (pic. 3), y KO 
TOpOro 3BeHO 2’ BXOAUT B MOCTY 
aTeIbHy!o Napy c mMow3yHom 1” 
BpaliaioulWMcxA BOKpyr ocH A, 
BO BpalllaTeJIbHY!O apy C MO/3y 
HOM 03, CKOJIb3AULHM BJOJIb OC 
FG. I1pamas uw’ — uw’, *ecTKO CBA 
3aHHas CO 3BeHOM 2’ uM OOpasyr0 
wad c HanpaBseHHemM AF yroa 
90°, OymeT BCergqa COBMaaTb 
ipsamMow u — u. Ilapa6ona, aBpaa 
}OWLaACA KPHBOH, JMHeEHHO orn6a 

Prens 1OllleH TIPAMY!O U — u WAI u’ —U’ 

OyweT HMeTb B KauyeCTBE Bep. 

WIMHbI TOUKy O — nosoWiBy NepneHAHKyJApa, OMyuleHHOrO u3 TOUKH A Ha Ha: 
mpapnenne FG, u B KauecTBe d@oxyca Touky A. Tlogepol napabonpl, onpenense 
MOH ypaBHeHHsaMmH (18), aABaneTca mpamMan FG. | 

Ec pHHsATb yrol y =O, To KpHBas, MMHeMHO orMOarollad MpAMyK 
u — u, OyjeT Napabouonh c oKycoM B TouKe A Hf BepIHHOH B TouKe G. YpaBue 
HHE STOH Mapadoubl OyeT 


y® = 4a (a — x) (19 


M ee nogepoh 6ygxeT npsmaa BG. Ecau B kauecrse movoca BbiIOpaHa TouKa A. 
TO Nogepoh STOH MapaOoubl OyfzeT npsmMasa FG. IlocneqHee, B YaCTHOCTH, NOKa: 
3bIBaeT KHHEMATHYCCKYIO SKBHBaJICHTHOCTh MexaHu3Ma AF mexaHu3my AB 


TloctynHsio 
15 IV 1961 


HMTHPOBAHHAS JIUTEPATYPA 


BCKH UH, Teopva MeXaHH3MOB JWIX BOCTPpOH3BeAeHHA MIOCKH) 
9 sf . . eX 
959. * V. Lebeau, Mémoires de la Soc. Roy. de Sci. de Liege 
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Jloxsagqn AkaweMun Hayk CCcce 
1961. Tom 139, Ne 4 


PH3HKA 


Axanemuk A. b. 3EJIbJOBHY 


-CHMMETPHS MOJIEKY JIbI, NJIABMIEHHE KPHCTAJIJIA 
HW YNOPAAOYUEHHOCTb )KHAKOCTH 


VHTyHTHBHO ‘CHO, 4TO Goee CHMMETPHYHBIC MOVJIEKYJbI AODKHL Werye, 
ynoOHee, OXOTHEe YKabIBATbCA B KPHCTaMMYeCKyIO peuleTKy. MoxKHO OxKH- 
laTb, 4YTO MPM MpOYHX paBHbIX YCOBHAX TeMMepaTypa MWaBMeHHA KPHCTaJLIAa 
vy eT TEM BbIMe, YEM SOMbIUIE CHMMETPHA COCTABAIOUIMX €FO MOJEKY WI. 

CenaB OMpeeeHHbIe MpeAMOMORKeHHA O TEMMOBOM TBHXKCHHH MOCK B 
KHIKOM (pase, MOXKHO MpecKasaTb OAHAeMOe BJIMAHHE CHMMCTPHH MOVICKY J 
4a Temnepatypy MlaBleHHsa. IIpH 9TOM HeIb3A OAKUMATb KOMHYCCTBEHHOTO CO- 
rlaCHA TaKOrO pacueTa H OMbITa, TaK KaK MIpH H3MCHCHHM CHMMECTPHH MOWCKYJIbI 
MCHAIOTCA H [pyre ee CBOLCTBa, TAKKE BAMAIONIME Ha CTPOCHHE KPHCTaJa, Ha 
MWIOTHOCTh yHaKOBKH MOJIeKyJI M 9Hepruio pemleTKH. Bee xe NpeAcTaBAeTcA 
TIOOONBITHIM BbIACHCHHE POJIH CHMMETPHH MOJeKYJIbI KAK OMHOFO U3 CPakTOPOB, 
BJIMAIOULUX Ha yCJIOBMA MlaBJIeHHA. 

[laa mpoBepKH yAOOHO BOCTIONb3OBaTECA H3OMCPHBIMM OpraHHyeCKHMH MOWe- 
KynamMu. B xKayecTBe NpHMepa pacCMOTpHM JIBYX3AMEIICHHBIH = XJIOpOeH30u1, 
CeHaCle, umerounli 3 M30Mepa; 2*KHPHIMH TOUKAMH MOKAa3aH XJIOP, WYHKTHPOM — 
OCH CHMMeTPHH; 


Opto’ META napa 


O06 


iC 24,1 C 452.5 6 

Tlapa-mMonekya HaMOolee CHMMeTPH4HA, H, JICHCTBUTeIbHO, TeMMepaTypa 
jwiaBeHHA Napa-{UxXop6eH307a BbIMe, YEM OPTO- HW MeTa-COCAMHCHHA. Takaa 
CHTyallMaA XapakTepHa JWIA MHOTHX OpraHHYeCKUX MOWEKYJT. TIoHATHO, 4TO YKa- 
3aHHad 3AKOHOMepHOCTb He HCKMOYaeT APyFUX MpaBHl (HanpHMep, pasMuns 
TemilepaTyp WiaBJIeHHA G- H B-MpOMSBO/HbIX HadTaiMHa, MMeIOWLMX OMHAaKO- 
BYIO CHMMETPHIO), CBASAHHBIX C BAMAHHEM CTPOCHUA Ha SHEPrHto pelleTKH. 

Ja TeopeTuuecKkoro OObACHCHMA BJIMAHMA CHMMETPHM MPHHHMaeM, ITO B 
KPHCTaJN€ MOJIEKYJIbI IpaBYJIbHO PacnO/lO*KeHbl B Y3aX PCWeTKH H TIpaBHJIbHO 
OPHeHTHPOBaHb! OTHOCHTEbHO [pyr Apyra; SHTpomMA KpuCTaa TPH O° K pas- 
Ha HyJIto. 

B XKUMKOCTH MOOX%KeHUA COCETHHX MOJIEKYJI CHJIbHO KOppeJIMpOBaHbl, Pac- 
CTOAHHA MexKJly COCEMHHMH MOJIeKyaMH MaJIO OTAMYAIOTCA OT paccTOAHHH B 
Kpuctasse. OLHAKO B3aMMHOH OPHeHTAMH MOJICKYJ B pacCMaTPpHBaeMbIX 2KHI- 
KOCTAX, M0-BHAuMoMy, HeT. JLpyrHMM COBaMH, pesmomaraeM, YTO TaK Ha3bI- 
BaeMbIli “OMKHHM MOpAXOK» B XHKHZKOCTH OTHOCHTCA K MOJIOKCHHAM IWCHTPOB 
MoyleKy/l, HO HE K yIJlaM, XapaKTepH3yIOULHM OPHeHTALMIO MONCKYWAIPI B IIpo- 
cTpaHcTBe, T. €. B3aMMOseliCTBHE MOJIEKYJI B XKHAKOCTH CYULeCTBEHHO BUIHACT 
Ha HX MOCTyMaTeIbHOe ABMKeHHe, HO B ropa3so MeHbIUUeH CTeMeHH BJIMAeCT Ha 
BpallleHHe MOJIeKyI. 

Takaa cHTyallHA COOTBETCTBYeT BYJbrapHbIM NpeACTaBIeHHAM: «B TBEPAOM 
Tee MOJIEKYIbI KOMeOMOTCA, B XKHAKOCTH BpallaloTcA, B rase BpalllatoTcs 
HM COBeplialoT MOCTyMaTebHOe ABYXKCHHE>. 
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Kak 3BeCTHO, SHTPONHA BpallleHHA ,MOJI€KYAbl 3aBHCHT OT €€ CHMMECTPHA, 
S(T) =s(T)—RInn, rae n— Tak Ha3bIBaeMOe YHCIO CHMMeTPHH MoOue-), 
KYJIbI. a ee | 

B caMom yee, Bpaulenve (IpOcTpaHCTBeHHad OpHeHTAaHA) MpOWSBOAbHOrO} 
HECHMMETPHUHOFO Tela (MOJI€KyJIbl) XapakTepH3yeTCA TpeMA SHJIEPOBbIMH yr-} 
JlaMH; IIpH JAaHHbIX 3HaYeCHHAX MOMEHTOB HHEPILMH COOTBETCTBYIONad SHTPONHA 
Ha MOJIb paBHa s (7). OqHaKO eCJIH MOJIEKYJ1a HM€€T KAKHe-TO SJICEMCHTHI CHM=|y 
MeTPHU, TO B MpOcTpaHCTBe TpeX ZHePOBLIX FOB PUSHYeCKH HEP a3JIMUHMBbIM), 
OPHeHTAILUAM MOJIEKYJIbI COOTBETCTBYET HECKOJIbKO (7) TOUeK, IIA XapakTepHc-\, 
THKH OPHeHTAalHH MOJI€KyJIbl HE HY2KHO BC€ MpOCTpaHCTBO SHJIepOBbIX yIvIOB, | 
moctatouua |/n uactTb ero. COOTBeETCTBEHHO YMCHbIIeHHI0 (asOBOro OOFEMA YMCHE-| 
iwaeTCA WH SHTPONHA. “y 

SHTpONUA KpHCTaa He 83ABHCHT OT CHMMeTPHH MOJIEKyJIbI. 

IIpvuHumas, 4TO BCe OCTAJIbHbIe CBOHCTBA MOJIEKyJIbI H €€ TeMNOBOTO ABUXKeE- j 
HU 34Me€THO He H3MCHAIOTCA IPH H3M€HCHHH CHMMeTPHH, NOMy4HM BbIpPaKenHe} 
MOJHOH SHTPOMHH %XKUAKOCTH 


Sx (Pe so ) re (dy 
TIpuMeM TakxKe, 4TO 9HEPHA KpHcTadJa HW 9HeEPHA ARKUAKOCTH Np WaHHOH | 


TeMilepaType He 3aBHUCAT OT CHMMETPHH MOJICKyVJIBI. 
Cpo6oqHad 9HEpruaA KpucTaa 


Po (Tye Ee (2) ee (2) | 
CBo6oqHad JHEPruA %2XHAKOCTH 
Fe (T) S£e(7) Tso Wyse RI (3) | 


Temnepatypa llaBieHuA OMpeyernseTecA YCOBHEM paBeHCTBa CBOOOLHEIX | 


9HeprMveH HM XMMHYCCKHM TOTeHI[MaJIOM), OTKYa JICMeCHTAapHO MOJIy4HM 


2 
AT = he A linn, (4) 
TJ } 
rye Qua — TemuloTa WiaBJeHHsA. 
IIpu BpIBogze POpMysIbI He MpewMomaraeTcA, UTO TeMMOTA MWaBJIGCHHA MOCTO- | 
AHHA; BCJIEACTBUE PasJIHYHOM TeMMOCMKOCTH KPHCTaa HW KAAKOCTH BbIZBAHHOe | 
H3MCHEHHEM 1 H3MeHEHHE Tn, B CBOIO OUePeb, NPHBOMUT K H3MeCHEHHIO Qnya’ | 
CpaBHHM C OMbITOM Bbipaxenne (4). : | 
B cualyyae JBy3aMelleHHbIX OCH3OJIOB C OMHAKOBbIMH 3aMECTHTEIAMH YHCIO 
CHMMETPHH paBHO JIA OPTO- HM MeTa-MOJIO*KeHUA n = 2 WM WA Napa-momoKeHHA — 
(ea 
Jd 1uXJOp6eH30N0B TeMNOTA NaBJeHHA H3MepeHa HU paBHa 3,09 (0) 3,02 (m) 
4,35 (n) KKaJI/MOJIb; TeMilepatTypa nulaBseHua 255,5° (0), 248,5° (m), 325,5° (n). 
Cpequsaa TemioTa niaBeHud 3,5 KKasl/MOJIb, CpeHAA TeMMepatypa miaBue- 
Hua 277° K, caeqoBaTeMbHO O*KHMaeMaA PAaSHOCTh TeMMepaTyp M1aBeHHA 


RT, 
AT =—5™ (In 4 — In 2) = 20°. 


Ha onpite 
AT == T napa a 1g CT tera + T opto) = (ope 


Vis HawmMx mpeqnonoKennit caenyeT, YTO T vera WH Topro OJDKHEI ObITb 
PpaBHbI Mexy coOoH, Ha onbITe T era — T opro = —7°- 

Takum 06pa30M, MOxHO TOBOPHTb JIMUIb O IIPaBHJIbHOM 3HaKe H TOpAKe Be- 
JIMYMHbI aektTa, YTO HM HE YIMBUTeMbHO, HMeA B BUY ClenaHHble Kpaiune 
YUPOULarOuLMe TpeNOTOKeHAA OO OMMHAKOBOCTH TeNMOBLIX PyHKUMM MoweKy 
Ppa3HOW CTpyKTypH. 

Heo6xoqumo TloquepkKuyTb, YTO BAMAHHe CHMMeTPHH MOJIeKyJIbl Ha SHTPO- 
MHIO XKHIKOCTH He TIpeqmomaraeT CBOGORHOLO BpalleHHA MOJIeKyJIbI B 
*KUKOCTH; MOJI€KYJIa MO*KET COBEPaTb BpPalllaTebHble KOMeOAHHA C PeKHMHU 
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epecKOKaMH H3 OJHOH OpHeHTalHu B Apyry1o. HeoOxoxHMo MHUIb, 4TOOKI B 
HIKOCTH Pa3JIMYHbIe OPHEHTAHH MOJIeKYJIbI ObLIH PaBHOBePOATHBI, HE 3aBH- 
21H IIpaKTHYeCKH OT OPHeHTALHH COCeqHHX MOJIEKyJI. 


Rae 


Bonee c1a6oe BauaAHHe cHMMeTpHH, AT << aos Alnn, BO3MOxKHO B ABYX 


ny 4anx: 

1) Korga HeT nomHoro ynopsjoueHuaA B KpucTamme. TakoH cryyah BO3HH- 
aeT, @CIH Maio (pH3H4ueCKOe pa3mHuHe Tpynn, onpefemA1OWlHX CHMMeTpHIO 
jONCKYJIbI; HaNpHMep, IPH 3aMelleHHH BOJOpofa AeliTepHeM; MOXKHO mMOvIa- 
aTb, 4TO TeEMMepaTyphI MwaBeHHA H30MepoB C,H,D, He oTmHualoTca, Tak 
ak B Kpuctasme D u H we ynopsgouenni. B 3TOM cayuae SHTPONHA KpH- 
Tanna mpH O° K oTmMuna OT HyJIA H Tak}Ke 3aBHCHT OT CHMMeTPHH MOJIe- 
yi. 

2) Korga B XHAKOCTH Mp TemMMepatype M1aBeHHA COXpaHAeTCA YaCTHGHAA 
TIOPAAOYCHHOCTS OPHeHTanH. Tako cyual B TIpHHIMMe MO*KeT BOSHHKHYTb 
[PH HaNMuyHH OOMbUIMX CHIbHO B3aHMOJeEHCTBYIOULAX 3aMelLaloulHxX Ppymt; 
JIHAKO 3J[eCb HEIb3H OAKUTaTb Sopuioro adekTa, Tak KaK TaKHe rpylMbl M0- 
billalOT TEMMepaTypy MWaBJIeHHA BCeEX H3OMepoB. 

_ Bonee cuuibHoe, uem 10 pacuery, BJIMAHHe CHMMeTPHH B CAy4ae AByX3aMe- 
J€HHOrO GeH30sIa O3HAYAeT, UTO, HAPALY C JHTPONHHHLIM BAHAHMEM, UMeeTCA 
[ BIMAHHE CTPyKTYpbl Ha 9HEPrHio KPHCTaMa HW RUAKOCTH; OTIMYME TEMVJOTHI 
(IaBJIeCHHA Tapa JUXIOpOeH30Na OT ApyruX H30MepoB, M0-BHAHMOMY, Oo.VIbIIe, 
eM (Cx — Cx) AT. 

[IpemcTaBixeT HHTepec CHCTeMaTHYeCKOe UCCeAOBaHHe pa3JIMYHbIX H30ME- 
JOB C H3MEPeHHEM TEMNIOT NMABICHHA H TeMIOeMKOCcTeH O6euxX (has M ComocTaBse- 
[Me BJIMAHHA CHMMETPHH C IpAMbIMM PeHTTeHOBCKHMM HCCeqOBaHHAMM yiops- 
[OUCHHOCTH OPHeHTAHli MOJICKYJI B 2KHJIKOCTH. 

Tlomp3ytocb caly4aeM BbIPasuTb OarogapHocts A. B. Wy6uuKopy u A. UM. Ku- 
‘aHTOpOJCKOMY 3a CYIIeECTBCHHbIe 3aMeyaHHA. 


Tloctynu.10 
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Axanemuk AH BCCP H. H. CHPOTA un H. M. OJIEXHOBHYU 


PACNPEJEJIEHHE 3JIEKTPOHHOM MJIOTHOCTH JJIEKTPOHOB 
3d-OBOJIOUKH, OBYCJIOBJIMBAITOLWX SEPPOMATHETH3M 
HHKEJIA, KOBAJIBTA H JKEJIE3SA 


OTKpbITHe HeHTPOHOB H MeTOJOB HEHTpOHOrpaduH laeT B PyKH UCCIe,OBAaTe 
JleHi HOBbI€ MOIILHbI€C CpeCTBA B H3YYeHHH MpHpoOAbl MarHeTH3Ma, pa3MellleHH 
MarHUTHBIX CITMHOB B KpHCTaJJIMYeCKOH pellleTKe WH XapakTepa pacnpeseseHua 
3JIEKTPOHOB, OOYCJIOBJIMBaIOWIHX CeppOMarHeTH3M HIM aHTHdeppoMarHeTH3M. 

Vi3yuenve OperroBcKoro KOrepeHTHOrO pacCeHHHA PeHTTeHOBCKHX JyueHn 
KPHCTaJIMYeCKOH pelleTKOH NO3BOJIAeT HAHTH ATOMHOpaccenBalomlMe PakTOpbl 
(peHTreHoBckHe (popM-cbakTopbl) B (PyHKUHH yrvia OTPaxKeHHA HIM CyMMbI KBaj- 
paTOB MHJIJIepOBCKHX HHAeKcos. McnoubsyA 3HaYeHHA ATOMHOpacceHBalollux 
cbaKTOpOB, ITyTeM CYMMHPOBaHHA TpeXMepHBIX pxAOB Pypbe MOmMHO HaHT 
pacipeeseHve SJIEKTPOHHOH MJIOTHOCTH B KPHCTaJIMyeCKOH pemeTKe. Hopple 
cBelleHHA JaeT H3yY4eHHe PaCCeAHHA HeHTPOHOB KPHCTAaJJIMYeCKOH pellieTKON 
cbeppoMarHeTHKa HIM AaHTHeppoMarHerTuka. 

TlocKouIbky HeHTpOH OOs1aqaeT MarHUTHbIM MOMCHTOM, TO MMeeT MeCTO pac- 
CeaAHHe HeliTPOHOB HE TOJIbKO Ha Apax, HOM Ha 3JIEKTPOHaX, OOwaLaloulMxX Mar- 
HHTHbIMH MOM€HTAMH, HECKOMI€HCHPOBaHHbIMH JpyruMH 3JIeEKTPpOHaMH, u OOpa- 
SYIOIMMMH =MarHATHYy10 CTpyKTypy. OnpedeseHHbIii 10 AMcpakWMOHHbIM JMHH AM 
aTOMHOpaccenBalollni Hel TPOHHBIH (bopM-(akTop MO3BO/IAeT BbIYHCIUT pac- 
mpeleeHve B KDPHCTAJIMYeCKOH PpelleTKe 9JIEKTPOHOB, OOYCJOBMBAaIONIMX! 
(peppOMAarHeTH3M HJM AHTH*eppOMarHeTH3M, HCHOJb3yYA MeTOAHKY CYMMUpOBa-! 
HMA TPeXMePHbIX pAOB Dypbe, aHaJIOrHuHytlO TOH, KaKas IIPHMeHAeTCA B PeHT- 
PeHOCTPYKTYPHOM aHaJiH3e. 

B nactTosulet padoTe GObiia mocTaBJeHa Web OnpeseuuTb pacnpelemenue 
9JIEKTPOHOB, OOYCJIOBJIHBAaIOUINX eppOMarHeTHsM, y (ep pOMarHHTHBIX 3J1eMEHTOB, 
*KeJle3a, HAKeJIA H KOOaIbTa LO U3BeECTHBIM POpM-akTopaM paccesAHHA HeHTpo- 
Hop. C jipyrol cTOpoHbl, 3aqauei HaCTOAINeroO UCCeEOBaHHA ABJIANOCb Cono- 
CTaBJICHHe Ha IIpHMepe HHKEeJIA paclipeeJIeHHA SJIEKTPOHHOM TJIOTHOCTH, BBI- 
4UHCJICHHOM M0 JaHHbIM PeHTTeEHOBCKOTO aTOMHOpaccenBalomlero dakTopa, Cc pac 
TIpeAe€HHeM IWJIOTHOCTH JJIEKTPOHOB 3d-9JIEKTPOHHOH OOOOUKH, O6YCOB/IMBa- 
IOWIMX eppoMarHeTH3M. 

OKCHEPHMeHTAIbHO TNosyyaeMad AMIMTYa HeliTPOHHOMArHUTHOFO pacces- 
Hua P, KaK U3BeCTHO, ONpeleIAeTCH COOTHOLIEHHEM 


peas (1) 


rye | — eqHHNUHBI copm-cbakTop HeliTponHoro paccesHus, a S — acbbexrTus- 
Hoe KBaHTOBOe 4HCIO. BesnuunHa S onpesesmAeTCA SKCIepHMeHTaJIbHO MO Mar- 
HHTHOMY MOMeHTY HCCJleyeMoro 93JIeMeHTA: 


Sag. 1) 


Ilpu nmogcuete aseKTHBHOTO KBaHTOBOTO YHCa MpMHAMAaIOTCA CJeLyoulve 
3HaYCHHA M@rHHTHbIX MOMeHTOB: Fe 2,22, Co 1,74, Ni 0,60. 

OrmeTHM, 4TO 3Ha¥eHHe [S ONpeeIACTCA SKCMEPHMEHTAIbHO 0 aHHEIM 
HeHTPpOHHOrO pacceAHHA He3aBHCHMO OT MarHUTHbIX u3MepeHHi. 
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Ha puc. | npuBeleHbl 3Ha4eHHA e,MHA4HbIX tbopM-baKkTOpOB, YMHO>KEHHbIX 
a adcbeKTHBHbIe KBAaHTOBbIe YHCMa, WIA wKese3a WH HUKEIA TO TaHHBIM Harana, 


[lyana, Ulupane u Anjepcena (') u KoOabTa M0 
aunpim Hatana u [lysetru (?) 

CyMMupopaHve TpexMepHbIX pxoB Dypbe 
1460 HeMOCpeCTBeHHO, eCJIH 9TO BO3MO%XKHO, 
(460 C MOMOMIbIO MeTOJla aNMPpOKCHMAILM, IIpH- 
[eHACMOFO IA ycCTpaHeHuA sppexta oOppiBa 
ALA, MOSBOMAET HOMCUNTATh IIEKTPOHHYI0 IJIOT- 
OCTb p B KAKO TOUKe SIEMeCHTAPHOM AYEMKH, 
1 TaKKe paflMaJlbHy!O 3JICEKTPOHHY!O MJIOTHOCTb 
WIEKTpOHOB 3d-31eKTPOHHOM oGosl0"uKH, OOyc- 
IOBJIMBAIOWLMX cbeppomMarHetu3M. JL moscueToB 
{bl BOCHOIb30BaIMCb ONHCaHHbIM HaMH paHee 
ueTooM (°). 

Ha pwc. 2 npuBeyeHbl! B 3aBHCHMOCTH OT 
JACCTOFHUA OT WEHTPOB aTOMOB KPHsble H3Me- 
1eHHA SICEKTPOHHOM IJIOTHOCTH p 3JIEKTPOHOB 
3 d-3€KTPOHHOH OOOJIOUKH, OOYCJIOBJIMBAIOIIX 
beppoMarHeTH3M HUKeJIA, KOOaIbTa UM 2KeWesa 
puc. 2a), MW paflMabHOH 2/1eKTPpOHHOM TMJIOTHO- 
TH u(r) = 4 nr%p(r) (pyc. 26). OOpaujaroT Ha 
SeOA BHUMAHHe CJeLyrolllve CyllecTBeHHbIe 06- 
sToATembceTBa. IloqcunTaHHasd JIeKTpOHHAA MJIOT- 
nocTb y Ni, Co u Fe focruraer mMakcumMymMa 
BOJIM3H WeHTpa aTOMOB; BePOATHOCTh HaxorK]le- 
HUA QIEKTPOHA B JlaHHOM TOUKe OObeMa 3JIEMeH- 
TapHOM AYeMKU ObiCTpo MajaeT pH yasIeHHH OT 
WeHTpa aTOMA, upakTMYeCKH N10 3aKOHy Taycco- 
Ba paciipeleeHuaA. C pyro cCTOpoHbl, pajn- 
aJIbHaA IJIEKTPOHHAaA MVJIOTHOCTb JOCTHraeT MaK- 


Puc. 1. VUsmenenHe eHHHUHbIX 
tbopm-bakTOpOB, YMHOKeHHBIX Ha 
adipeKTHBHbIe KBaHTOBbIe YHA 
xesega (/),HuKesA (2) H KOOalbTAa 
3 
(3) B 3aBHCHMOCTH OT by he) 
PSU 


CHMaJIbHOFO 3HaueHHA y HHKeA ripu 0,44 A, y xenesa npu 0,40 Aw y koOambTa 
npu 0,39A, a satem GpicTpo majlaeT NpakTHYecKH JO HYJIA Ha paccTOAHHH 1,1— 


aah 


pirj— os 


~ 


0 a2 06 06 O64 O Q2 


06 06 08 


Puc. 2. Usmenenne 91€KTPpOHHOM MOTHOCTH (a) HM paqnalbHon 

MoTHOCTH (6) 37eKTPOHOB 3d-O60JIOUKH, OOYCJIOBJIMBAaIOMINX 

cbeppoMarHeTH3M 2KeJ1e3a (1), Hukena (2) H KoGalbTa (3) 
B 3AaBHCHMOCTH OT paCCTOAHHA OT WeHTpa aTOMOB 


1,2 A of nenTpa aTOMOB, 4TO He MpeBbilaeT MOJIOBHHHOFO PacCTOAHHA MexK Ly OuIH- 
sKaiilMMM HOHAMH B pelleTKe yKa3aHHBIX aviemeHToB. IlocueqHee OOCTOATEbCTBO 
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yKa3biBaeT Ha TO, YTO paCCMaTPHBaeMble SJeKTPOHHbIe OOOMOUKH He HepeKpbl 
Balorca. 

Ha pue. 3 npuBewqena KpHBadA pasMaJIbHOrO pacipeseseHuA BCeX 9JIEKTPOHOB) 
MUKeJIA, IOMCIMTAHHOFO TO 3HaYeCHHAM aMIJIHTYIbI ATOMHOPO paccesHHA 10 BpHH- 
q\s1er0 (4), WH JIA CpaBHeHHA B TaKOM 2%e MacuiTade KpHBaA payMaJbHOr 
pacnipekeseHHA SJeKTPOHOB, OOYCJIOBMBAaIOMUX eppOMarHeTH3M, OOCy*KLaB- 
weroca Bbmue. TloceqHAA KpHBaA NOJHOCTbIO BIHCbIBaeTCA B TepByr1o. ITIno- 


“3 
sn/AP [111] {110} safh 


wh 150 


JG 


u(P) —= 


ag a 04 6 


Puc. 3. PagnanbHoe pac- Puce. 4. Pacnpenesienne 31eKTPOHHOH MVJIOTHOCTH BCeX 3J1eK- 
mpefeseHHe BCeX 93JIeKTpPO- TPOHOB (/) H NMOTHOCTH «MarHHTHEIX> 3JIEKTPOHOB ?) MexKILY 
HOB HHKeJa (/) H 3/1eKTpo- aTOMaMH HHKeJIA B HanpaBleHHaAX [111] x [110] 

HOB 3d-o6o04KH (2), O6yc- 

JIOBAMBAIOUIMX ep pomarHe- 

TH3M B 3ABHCHMOCTH OT pac- | 
CTOAHHA OT WEHTpa aTOMa | 
iajib, orpaHnuenHan elO, 3HAUHTeJIbHO MeHBbINe, YEM IIJIOMab, orpaHHyeHHa 
nepBoH KpHBon. Ee MaKCHMYM pacnouloxwKeHn Ha 6o.IblueM paccToAHUH OT WeHTpa 
aTOMa, YM M&aKCHMyYM nlepBou KPHBOH. 

Conocrassenne pacnpelevieHuA 3J1EKTPOHHOH TJIOTHOCTH Me?KJLY aTOMaMH 
HUKeJA B HanpapenHAx [111] u [110] (puc. 4) ¢ pacnpeyqenenHem snekTpoHHOH 
MJIOTHOCTH «MArHHTHBIX» SJIEKTPOHOB TOKa3bIBaeT, UTO «MarHiTHble» SJIEKTPOHbI 
HpakTHyeckH He JakOT 3aMeTHOTO BKJlalla B BeJIMNYHHY 3JIEKTPOHHOH NJIOTHOCTH 
B cpelHei 0 61acTH MexK]Y aTCMaMH HUKeNH, NO-BHAHMOMY, Seah BuLeleliae 
MpOBOAHMOCTB. 


Orjyes v3HKH TBepforo Tela H NOJyNpOBOAHHKOB Tocrynuao 
Akayemuu Hayk BCCP 8 V 1961 
LWUTHPOBAHHAS JIMNTEPATYPA 


1R. Nathans, C.G. Shull, G Shirane,7A. Amdersen, Phys. Chen 
Solids, 10, 138 (1959). *R. Nathans, A. Pooletti, Phys. Rev. Letters, 2, 254 
(1959). °° BH. HeGupota, H. M. OmwexHony ue Aw ye lieme nm JAH 132)0.Nomie 
162 (1960). *G W. Brindley, Phil. Mag., 21, 778 (1936). 
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PH3SHKA 


B. T. COJIOBbEB 


OCHOBHbIE CBOMCTBA CBEPXTEKYYEM MOJEJIN SJIPA 


(ITpedcmaeaeno axademuxom H. H. Boeoarbosom 6 III 1961) 


B (1) 6plia mpesomwena cBepxTeky4ad Mofesb Apa, aB (?,°) MpoB eseHbI BHI- 
MCJIGHHA OAHOUACTHUHBIX YPOBHEH pAa CHJIbHOLePOPpMHPOBAHHBIX IJIEMCHTOB 
aK B peKO3eMeJIbHOH, TAK MH B TpaHcypaHoBolt OOmacTax. B (*) Oblio mpoana- 
M3UpOBaHO BJIMAHHE NapHbIX KOppeJIAWMM Ha BepOATHOCTH B-epeXOOB B CHJIb- 
loeOpMHPOBaHHEIX Apax. B sTHxX paOoTax NWoKa3aHO, 4YTO NOyYeHHbIe Ha 
CHOBE CBeEpXTeKyuel MOJeNH Apa pe3yJIbTATLI NpaBHJIbHO OTPaxKaloT MHOrHe 
AKOHOMEPHOCTH B IIPOBeJeCHHH CJIOXKHBIX sep. ‘ 

B HacToslei 3aMeTKe vccylelyemM oOtiMe CBOHCTBa CBepxTeKy¥eH MoOeIH 
ipa, a HMCHHO: 3ABHCHMOCTb XapaKTePHCTHK CBepXTeKy4YHX COCTOAHHM H T0- 
3eJICHHA YPOBHEM YeTHOM CHCTeMbI OT BEJIMYHHbI KOHCTAHTHI MapHoro B3aHMoseH- 
TBHA G, CBepxTeKy¥He CBOHCTBA JBYXKBa3HUaCTHYHBIX BO3OYXKJICHHBIX CO- 
TOAHHH CHCTeMbI, CielHdpHyecKHe OcOOeHHOCTH CocTOAHMM O-+- H Ap. 

Uccmenyem nopeqeHve OCHOBHOrO H JBYXKBa3H4aCTHYHbIX BOSOYKJCHHbIX 
OCTOAHHHM pH yBeIM4YeHHH KOHCTAHTHI MapHoro B3aMMOeHcTBHA G Ha IpHMepe 
leHTpOHHOL cuctemb! c N = 106, kak B HI'"*. 13 Haligqennoro Ha onbitTe 3Ha¥4e- 
[MA TlapHOH SHEPrHH HW Mp TaKOM MOJOKeHHH YPOBHeEH CpeAHeroO NOMA, 4TO 
LIUHCJICHHbIC HA OCHOBE CBeEPXTeKYYeH MOJeIH Apa 9HEPrHH OLHOYACTHYHbIX 
/POBHEH ONMSKOIeKAULUX HEYETHBIX AJep COrMacyloTCA C 9KCIePpHMeHTAaJIbHbIMH 


0 0 
HAYeCHHAMH, HaxoquM G = 0,020 hwy (hw) =—41 A Map). 
PaccMOTpHM MOBeyeHHe OCHOBHOTO COCTOAHHA CHcTeMbl c poctom G. IIpu 


0 
7 = 0,012 hwy KoppenaunoHHan tbyHkuHA C BecbMa Mala, a 9HEPrHA OCHOB- 
iorO COCTOAHHA MpHMepHoO paBHa ee 3HaueHHIO Np G = 0. Takum oOpasom, npu 


7=0,012 hoy MapHble KOPpe ALM NpakTHyecKH OTcyTCTBYWT. IIpu G=—0,016 N@ 


e = 0,058 hog = 0,42 Map, a sHeprua yMeHblaeTca Ha 0,017 hoo = 0,12 Mss 
10 cpaBHeHuio co culyyaem G = 0, xoTA OTPHUATeIbHaA NMOTeHWMabHaA 9HEp- 
“ua C?/G vw3MeHHeTCA CHIbHee, a HUMeHHO C?/G = 1,5 Mos. 

Ha pue. | mpezctaBuM 3Ha¥eHHA SHEP OCHOBHOFO COCTOAHMA HM BeJIHYMHBI 


neu 2C npu G, papubix 0,016; 0,020; 0,024 hoo. IIpu G =—0,028 hwo 3HeprHud 
XCHOBHOFO COCTOAHHA yMeHbaeTca Ha 0,70 hoo = 5,1 Mos, aC = 0,28 hos = 
= 2,1 Mos. IIpu G = 0,032 hod KOppeJAWHOHHAA (byHKWMA OCHOBHOFO COcTOA- 


qua C — 0,37 hod = 2,7 Mop, a 3Hepruad yMenbutaetca Ha 1,17 hie = 8,5 Mss, 
mpuuem C?/G = 30,5 Mop, T. e€. yBeIMYeHHe SHEP CHCTEMBI H3-3a PpasMbITHA 

[paHuvbI MoBepxHocTH DepMu 3HayHTeIbHO U cocTaBAeT 22 Mos. 
PaccMOTp¥M TOBemeHHe JBYXKBa3MUaCTHYHBIX BO3OyKCHHbIX COCTOAHHH 
CHCTeMbI B 3aBHcuMocTH OT G. C sTOH mebIO Ha pu. |, 6 NpeyzcTaBeHbI BbIYUC- 
ICHHbIe Ha 3JIEKTPOHHOM CueTHOM Malle Ha OCHOBE CBepXTeKyyeli MOM ALpa 
SHeprun BOsOyxKeHHEIX cocTosHHH. Ha puc. 1, a Wanbl 9Hepruu BO3OyACHHbIX 
COCTOAHHU, paccuHTaHHble 110 (PopMy.1e V CANE (i} AY + VC E@)—A}? 
coriacHO MepBOHayabHOL dopMyJIMpOBKe TNapHbIX Koppenaunit (?,.°). Snece 
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) — xumuueckuli norenunan, E (i) — sHeprua ypoBua i cpeqHero mons. Uepes 
(k, k -+ 2) o603HauMM COCTOAHHe CHCTeMBI C OAHOH KBasHuacTHllen Ha ypoBHe k, 
a BTOpoH Ha ypoBHe k + 2, rye k — MOCJIETHUH, 3anoJIHCHHbIM OHOUACTHYADIA 
ypoOBeHb cpequero noma mpu G = 0. 3ameTuM, 4TO B CBepxTeKy4eH MONeIM AApa 
YNCNO YaACTHIL COXpaHAeTCA B CpeAHEM H BCE paCCYHTAHHble BO3Oy2KeHHEIe 
COCTOAHHUA OTHOCATCA K OMHOTi H TO »%e CucTeme yacTuy. B caryyae (° ,°) B cmeK- 
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Puc. 4 


Tpe BO36y2xKCHHA CHCTeMbI, B OCHOBHOM COCTOAHHH cocTosmelH u3 N yacTHil 
HaXOJATCA YPOBHH, COOTBeTCTBy1oUlMe cucTemam u3 N — 2, N uN + 2 uacrun 
Tak, mpuBezenuble Ha puc. | cocrosnuit (Rk, k — 1) u (k — 2, k) oTHOCATCA 
cucteme u3 N — 2 yacrun, cocrosnua (k, k + 1), (k, 2 + 2), (R—1,k + I) 
(k, k) — oTHocaTcs kK cucteme N yactull u, HakOHeL, cocrosHua (Rk + 1, k + 2) 
(A+ 1,k+ 4), (R+1,k+ 1) uw (k+ 2,2 + 2) ornocatca k cucTeme, co 
cTosmen u3 N + 2 yacrun. 

Tlopeyenue sHeprut ZByXKBa3H4aCTHYHbIX BOSOYXKJeCHHbIX COCTOAHHH B 3a 
BHCHMOCTH OT G, BbIYHCJICHHbIX Ha OCHOBEe CBepXTeKy4eH MOE Apa, KaK BUD! 
HO 43 pu. 1, CHbHO OTIMYAeTCH IPH MasbIX G OT HX MOBeICHHA B CJyYae a 
rye HaOMOfaeTCH BO3PAaCTaHHe SHEP pAa HUSIIMX COCTOAHHH c pocTom C 


0 

WO 3Hayenui G = 0,020 hwo, cBi3aHHOe C HEKOPPeKTHOCTbIO paCCMOTpeHHA 
B cayyae 6 sHeprum Kak OCHOBHOrO, TaK HM BO3OyXCHHHIX COCTOAHUH MOHO 
TOHHO YMeHbIUaloTCA C pocToM G, NpHueM cTeMeHb YMeCHbINeCHHA HX SJHEprH 
pa3sM4yHa. ITO pa3smM4une CBA3AHO C OMHOH H3 PIaBHbIX OCOGeHHOCTeH CBepx 
TEKYYeH MOEN Apa, COrMacHO KOTOPOH YYMTbIBAIOTCA H3MeCHeHHA CBepXTeKy 
YHX CBOHCTB BO3Oy2KCHHbIX COCTOAHHM KaK OTHOCHTEIbHO pyr Apyra, Tak 4 1 
CPaBHeHHIO C OCHOBHbIM COCTOAHHe€M CHCTeMBI. 

Ilpoananusupyem nopesenue KoppesAHOHHEIX cpyHKuH C (k,, k2) WByx4ac 
THYHBIX BO38OYXKMCHHBIX COCTOAHHM, C 3TOM WebIO B TAO. | sanucaHbl H3MeHeHH 
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0 
oTHOMeHHH C(k,,k2)/C c pocrom G. B wuTepspase 3Hayennlt G of 0,016 no 0,024 hwy 
HaOmolaeTcH OobuIOe pasHuHe B BeMHYMHAX KOPPe/IALMOHHLIX yHKUMA 


0 
BOSOY2KCHHBIX COCTOAHMU, a pH G = 0,028h@ wm OOubUIMX OHM C1a60 OTINYA- 
OTCA pyr oT Apyra u mpumepHo Ha (15—20%) Menbule BeMMUMHbI KOppess- 
HOHHOM cpyHKiuu C ocHoBHoro cocTosHus. Takum o0pasoM, yaHTbIBaemoe CBepx- 
TeKkyyell MOJeNbIO Apa pasHuHe KOppeJAUMOHHEIX PyHKUMl BOsOyKAeCHHBIX 


0 
COCTOAHHIT M@KLY COOOM BecbMa CyiecTBeHHO TIpH sHayenuH G = 0,020 ha), 
KOTOPOe COOTBETCTBYET PeaJIbHbIM OCTATOUHBIM AeEPHbIM CHAM. 
OJHMM H3 Ba&KHBIX pe3yJIbTa- 


TOB paC¥eTOB COriacHoO cBepxTe- Taduuna ft 
Sic mone wipa pyisenes OO- oo5s yo SSSS—SSC“CS 
HapyxKeHve OlycKaHHaA 9SHeprHii G B eqununax A a, 


OMHOTO, a B pxAe cuyuaeB H He- 
CKOJIBKUX BOSOYKJCHHbIX COCTO- 
AHUL HYOKe BeJMYMHbI Wem 2 C. 
B (*) MoKasaHo, YTO B BO3OYK- C(k,k44)/C 0 | 0,23 | 0,67|0,74| 0,83 
HewHom coctosnun (k, k + 1) uer- a sae ; ee O70 pts May 
Hi CHCTEMbI CBEPpXTeEKYYECTb 3Ha- , )/ , , ; ; 
ee eee S10 cpa- ER R)/C 0,56 | 0,62 | 0,71 | 0,79} 0,84 
: Clk Re 0,62 | 0,67 |0,74|0,79| 0,84 
BaHO C TEM, TO KOPPCNMPOBaH- C/(z—2, k—1)/C|0,72 | 0,75 |0,78]0,81 | 0,85 
Hble Wapbl u3-3a mpHHiuna Ilay- 
WM He MOryT 3aHHMaTb YpoBHH & 
uk -+ 1, uw MOSTOMy B COCTOAHHAX, JOCTYNHBIX JIA Map, B CJly4ae CHJIbHOJe- 
(OPMUPOBAHHEIX AJlep MOABMAeTCA SHaUNTeNbHad wenb. Ilockombky HMxKE 
We “HCO COCTOAHMM paBHO uMCy “YaCTH, a MapaM 9HepreTHUeCKH HeBbITO- 
[HO 3aHuMaTb k + 2 u Oouee BLICOKHE YPOBHH, TO CBepXTeKy¥eCTb B COCTOH- 
Huu k, k + | cumbHO yMeHbIaeTcA. 


0,016 | 0,020 | 0,024 


0,028 0,032 


Ta6anma 2 Kak BHO H3 TaOul. 2, TouyYeHHBle 

Queprun coctosnuli (k,k + 1) pacueTHble 3HaYeHHA SHeEprHH COCTO- 
SS annua (k,k-+ 1) qa pama safep 3a- 

2 va cocrosnun  M@€THO MeHbille BewH4uHH 2 C Hu HaxoO- 

, ig I Sl are JATCA B XOPOLIeM COrlacHH C COOTBET- 

Agpo Cuctema es a 5 CTBYIOWMMH SKCHepHMeHTaJIbHbIMH 
ce BSE & | ont  AHHBIMH. Corsjacwe TeopHu c OMbI- 

M4 PS ele TOM B OTHOWICHHH OMycKaHHA 92Hep- 
Wis TIporonuas |1,61) 2—|1,4 |1,290 UHH COCTOHHHA (k, k-+ 1) nuxe 
hoe Helirponnaa|1,89| 4— |1,46|1,554 IWelH ABIAeTCH OJHUM H3 HanGOoulee 
ee ee eccas eee ome ae t oe BAKHBIX MOLTBEpAKeHHM IpaBHbHO- 
Dy! Bee oananlt..53 5—|1’32l414g5 CTH MCXOMHBIX TlOJIOKEHHM CBepxTe 
Dy1%9 IIpotonnan |1,9 | 2—|1,4 |1,26 KyyeH MOC Apa WH CBUTeTCJIbCT- 
edi5¢ Iiporonnaa |2,0 | 4+ |1,45)1,541 ByeT O ee MpeHMyllecTBe IIpH HccuJe- 


JOBaHHH CBOHCTB CHJIbHOAepOpMHpo- 
[BAHHBIX’ AJep MO CPaBHeEHHIO C MePpBOHAYaIbHbIM MeTOOM H3yYYeHHA MapHbix 
KOppevIALHH. 
Cpequ BosOyKJeCHHBIX COCTOAHHM UeTHOH CHCTeMbI OCOGOe MeCTO 3aHHMaloT 
octosHua 0+ c AByYMA KBa3H4aCTHIaMH Ha OJHOM HM TOM xKe OMHOWACTHYHOM: 
'ypoBHe cpefHero noua. BomHopple @yHKWMH STHX COCTOAHMM HeOpTOFOHaJIbHbl 
IMexy coOol H Cc BOJHOBOH (yHKMeH OCHOBHOrO cocTOAHHA cucTembI. Merogu- 
MeckHe TPyJHOCTH, CBA3aHHbIe C COXPaHeHHeM YHCJa YACTHI, B CpeHeM, KaK Obl 
[KOHUeHTpHpytoTca Ha cocTosHuAX 0+, Cpe~N KOTOPbIX OMHO COCTOAHHe ABMAeT- 
lex mumHuM. IlpoaHanu3sHpyeM 3aBHCHMOCTb OT G BeIHYHH HeOPpTOrOHaJIbHOCTH 
BOJHOBBIX (PYHKIUMM OCHOBHOrO HW BOSOyKMeHHHIX COcToAHHH O+. Kak BuqHO 
Ms Ta. 3, npn G— 0 cocrosnua (k,k) u (k+ 1, + 1) canpatotca B OHO, 
@OcTasbHble CTAHOBATCA B3ANMHO OPTOFOHaJIbHbIMH; C poctoM G yMeHbilaeTca 
HEOpTOrOHabHOCTh Mexzy cocTosHuaMH (k,k) un (k + 1,kR+ 1) u yBeanun- 
BAeTCH HEOPTOTOHAIbHOCTh MeKLY APYFHMM COCTOAHHAMH, 
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Tpy6o OleHHM TOUHOCTS MeTOAA, AIA YerO HaHJeM OTHOUWIEHHE An/2Q cpea- 
Heli KBalpaTuuHol (pyKTyaluu wucna yactun, An K KOJIMYeCTBY YYMTbIBAeMBIX 
cocTosHHlt 22 cpefqHero nossa. 3aMeTHM, TO PYHKUMA, XAapakTepUu3yrollMe CBepX- 
Tekyuue CBOlicTBa, HaHGoulee scpieKTHBHEI B OOaACTH 3HaueHHH SHeEprHH Ha 
(3—4) C ppime u HMKe ypoBHa k. OrHomenne An/2Q nalijem paBupim 0,08 
jist SHepreTHuecKkoro NoyHHTepBawa 3 C, 0,06 nia 4 Cu 0,05 ana 5C, B Kpait- 
He MaJioM noslyuHTepBase 2 C oTHomenue An/2 @ = 0,12. Ilpu pemienuu ypaB- 
HeHHH Jia HaxoweHua C u A HeOOXOLMMO MpOBOLHTb CyYMMMpOBaHHe B SHepre- 
THUeCKOM HHTepBasie Gombiem uem (8—10) C, uO0 B IIpOTHBHOM CJIy4ae Nosy4HM 
ornomenue C(k)/C cammkom Masbim (C(k) — KoppevAHOHHad (YHKUAA OCHOB- 
HOFO COCTOAHHA HeyeTHOH cucTempb!). [lockKombky JIA BOSOy2KCHHbIX COCTOAHMA 
An pceria MeHbIIe, YEM JIA OCHOBHOFO, TO OMIMOKH MeTosa NopayKa 5% u BO 
BCAKOM Cylydae HUTAe He npeBbuuawoT 10%. Takum oOpasoM, pa3uM4He B CBepx- 
TeEKYYUX CBOUCTBAX BOSOYKJCHHbIX MH OCHOBHOFO COCTOAHHM YeTHOH CHCTeMbI 
CyUeCTBEHHO Hi JI¢KUT BHE OWIMOOK MeTOsa. 


Ta6muna 3 
HeoptoroHadibHocTb cocrosHuh 0 + 


G B efHHHIaXx fy x 


0,12 0,016 0,020 0,024 0,028 0,032 

Cte (ap 10-5 | 0,43 | 0,48 | 0,12 | 0,07 | 0,03 
<O|k, R> 40-5 |. 0.27 | 0,d2 Gaia onan 170.02 

gk, k| k-+4, kR-+4) 0,92 | 0,52 | 0,20 | 0,02 | 0,003 | 0,004 
ék,k| k+2, k+2) 0,004 | 0,07 | 0,07 | 0,02 | 0,005 } 0,002 


CreopatesibHO, cielundHueckHe OcOOeHHOCTH CBepxTeKyy¥eH MOfeIH Apa 


0 
BaKHbI pH 3HayeHnax G = 0,020 how,, cooTBeTCTBy!OMIMX OCTATOUHBIM sjep- 
HbIM CHJlaM; pH 3HayeHHAX G B 2 pasa OOMbUIMX STH OCOGEHHOCTH OTCYTCTBOBA- 
JH Obl, a HapHble KOPpeJALHM ObIIH Obl HACTOJIbKO CHJIbHBIMH, YTO NO MeHBIIeH | 
Mepe 3aMaCKHpoBaJiH Obl OOOMOUeUHY!O CTPyKTypy. 

3aMeTHM, HaKOHEl, YTO MaTeMaTHUECKHK allnapaT CBepxTeKy¥eH MOeJIM AB- 
JIACTCA BHYTPCHHE HEMPOTHBOPeYHBbIM H YOOHBIM JIA MpoBesleHHA OHO3HAU- 
HbIX KOJIMYCCTBEHHBIX PaCueTOB PAA CBOMCTB KOHKPeTHBIX sep. 

B sakmoueHve BbIpaxato riy6oky1o OaroyqapHoctb H. H. Boromo6osy 3a, 
NJIOMOTBOpHble OOcyxenua, H. VW. atopy u VW. H. Cununy 3a nomomip B mpo-. 
BeCHHH YHCJICHHBIX pacueTos. 

UYacrb HacToaieli paOorbl BbINOHeHa BO BpeMA Moero MpeObiBanua B MuctH- 
TyTe TeopeTuyeckouw dbusuku KonenrareHcKoro yHuBepcutera. ff 1 pHHOILy ruly- 
Coky1o Olaroqapoctb npod. Huspey Bopy 3a rocrenpwumcrso, a O. Bopy u 
B. Morteibeony 3a noviesHbie oOcyxKeHUA. 


OObequHeHHbI WHCTHTYT TlocrynH0 
ATePHLIX MCCeoBaHHi 20: IT- 1961 


UMTHPOBAHHAA JIMTEPATYPA 


1B. T. Conospes, JAH, 133, 325 (1960). 2B. IT. Conosnes, KST®, 40,! 
655 (1961). °Jli IOatus, H. YU. Matos Mw mp, KOT, 40, 1503 (1961). 
*B.T. Conosses, JAH, 187, Ne 6 (1961), § V Ge Solov’ev, KOTO) 35, 
823 (1958); 36, 1869 (1959); Nucl. Phys, 9, 655 (1958/59). °C. T. Beasaes, Kong. 
Danske Viljensk. Selsk. Mat. fys. Medd., 31, Ne 11 (1959). 
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PH3BHKA 


C. B. TABJIMKOB u B. A. MOCKAJIEHKO} 


METO], KBAHTOBbIX ®YHKUMM FPHHA B TEQPHH 
ONTHYUECKHX MOJIOC B KPHCTAJIJIAX 


(IT pedcmaeaeno axademuxom H. H. Boeoatoboeuim I IV 1961) 


PaccmoTpuM onTHyueckuit MHOrO*OHOHHEIM nepexoy B Nomspone uu F-1eH- 
Tpe. [Ipeqnosomxum aqua6aTuueckuit XapakTep CBASH Mex Ly 3JIEKTPOHOM MO Apo- 
Ha wah F-eHTpa HW KOMeOAHHAMH PelIeTKH M BOCIOJIb3yeMCA COOTBETCTBYIOMLMMH 
TipefcTaBienusimu ayuabaTuyeckoro MeTORa, OOpaTHB IIpH STOM BHHMaHHe Ha 
MOCNeLOBaTebHbIt yueT B STO CxeMe 3¢eKTOB H3MeCHEHHA YaCTOT CPOHOHOB. 
| O6osHaunm yepes H, u Hy POHOHHDIC TaMHbTOHHAHBI, COOTBETCTBYIONLNe 
“HayasIbHOMY 9/IeKTPOHHOMY cocTOsHuIO a HM KOHedHOMy 6. B npegcrapamenun, 


-B koTopoM #7, jMaroHajeH, HMeeM ey 
re ete +E, Hy=68i+Ha-+ V, (I) 
y rye 
Vie > (Vy. Oy + Vi. oe) “F Ne [Avy by? bp. + */aByry Oye by. + UaBys by by |. (2) 
py” 


.B (2) 64, 6. — onepatopbl nopoxzeHHaA WM yHuuTOKeHMA CPOHOHOB; EF; —c-uu- 
cna. Koacddunnentht V, o6s3anbl CBOHM MpOHcxO*wKAeHHeM CABHTY NOOKeHH- 
PaBHOBecHa (OHOHOB Mp 9ieKTpOHHOM Mepexoge. JleiictBue cpeqHero noma 
QICKTpOHA Ha JBYKeHHe (PPOHOHOB MpMBOAMT K NepeHOpMHpOBKe MX YaCcTOT. 
QTO cpeyHee Mose 3aBHCHT OT COCTOAHHA 3JIEKTPpOHa HM MOSTOMY Cc ero H3MeHe- 
_HMeM MeHAIOTCA M peHOpMMpoBaHHble yacToTHl. Kosdpbumvents V, yacru4no 
' CBA3AHbI C MPOMeCCOM BOSHHKHOBCHHA PCHOPMMPOBAHHBIX YaCcTOT B cOcTOAHUH J, 
“Tora Kak Koa punventTp! App WH Byy OOYCMOBJICHbI H3MeHEHHEM PeHOpMUpo- 
BaHHbIX WACTOT (OHOHOB. 
. Ifenb nacTosmel 3aMeTKH COCTOHT B MOCMeOBaTebHOM yueTe yKa3saHHbix 
_ BBILIe OCOGEHHOCTeM MOBeCHHA CPOHOHOB HM BLIACHCHHM UX BIIMAHHA Ha (OopMy 
Tlooc NOPMOWLeHHA H UCIyCKaHHA CBeTa B KPHCTasax c aqMaOaTHYeCKON 31eK- 
TPOHHO-*OHOHHOH CBA3bIO. 
MopMa OnTHyeCKHX TOMOC XapakTepH3yeTCA NepBbIMH CMe€KTPaJIbHbIMH MO- 
_ MeHTAMH, JJIs BBIHCACHUA KOTOPHIX B pa6otax JIaxca (1) a Ky6o u Toéy3apa (?) 
_pefiaraeTcaA MeTOJ, OCHOBaHHbIM Ha HCMOMb3OBaHHH OMpeeeHHbIX XapakTe- 
| pucruueckux dbyHkunii. Tak, Hampumep, B padore Jlakca MoMeHT f-ro TopAyKa, 
- OTCUMTAHHHIM OT HEKOTOPOM MpOH3BOJIbHOM YaCTOTbI vi, HMeeT BUI 
. oni) od” 
enn e eka aye eral AU Comme et (3) 


t=0 


“rye XapakTepuctuyeckaa dbyHKuua / (¢) WA Mpouecca MOrioWeHUA CBeTa ONpe- 
_ WeeHa paBeHCTBOM 


. Sem tHgt/h 

i] I(t) =<Miee™ Mae * ">. (4) 

’ 

1B (4) Moa — 2A€KTPOHHEIKM MATPHUHBIM 9/IEMeHT, KOTOPbIN JIA NpOCTOTbI CuH- 
TaeTCA C-YHCIOM. Syecb H B JabHeMINeM TOW <. . . >) MOHHMAETCA CpegHee cTa- 


THCTHYeCKOe MO COCTOAHHAM FTaMUJIbTOHHaHa ian 
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B nae padore (°) 6buI0 MOKa3aHO, YTO Mp CAeaHHbIX NpewqnoNOKeHUAX 
O xapakTepe onepatopos Hz, H, u I (¢t) dyukuusd J (t) Mower ObITb MpenctTaB- 
yleHa B Bue 


iB, t 
I () =|Moal? exp (FQ — =), (5) 
rye 
1 t 
i (@) = —%\ da \ de {3} Vag tl) + Vee (ne) + 
+S} [Ayn D (ut | p’t) + /2Byy D (Tt; wr|) + YoBury'D ((y't; pr)]h (6) 


pe” . 
KsantTosble yHkwuu Tpuna D u dbyHKuuH Q, cozepxauueca B (6), onpere- | 
JICHbI CJICQYIOULMM OOpa30M: 


D (tits | pots) = <P {0p, (41) By, (Ts) Ua (2)}> <Ua 7; (7) | 
@ (iT |) = <P {bp, (Ts) Ue (t)}><U a (f)7?. 


Ecau B mepBoi cdopmyse (7) HCHOb3SOBaTh Ba ONepaTOpa YHHUTOMKeHHA | 
WIM Ba OMepaTopa nopoxyeHHA, TO NomyauM dyHKuHH D (47; pot. |) u | 
D (\piti; Pot.) COOTBeTCTBeHHO. DyHKIHSA @ (|14T\) HMeeT BU BTOPO PopMybI 
(7), B KoTOpol onepatop b,, 3ameHeH Ha 0... 

3aBMCHMOCTb OT BpeMeHH OnepaTopos LD, (t) H be (t) onpezemneTca MHOKH- 


Tenamu e°@e* y ee" cooTBeTCTBeHHO. 


OnepaTop 9BOJIOWHH HMeeT BHI 
t 
Ug (t) =e Pt! ® P exp (—+) V (x) dr). (8) 
\ | 
®MyuKkuun D (Wy |pot.) H3 copMyzb (6) MpH coBMazaloulHxX BpeMeHHBIX 
apryMeHTax OnpememAeTCA Kak NIpeMe MPH T., CTpeMAMLEMCA K T, + O. 
®yukuyuu [puna (7) oTmM4GaIOTCA OT OObINHO MCHOMb3YeMBIX TeEMHepaTypHO- | 
BPCMeHHEIX KBaHTOBbIX (PyHKuHH [puna (*) B TOM OTHOMIeHHH, 4TO B (7) BMeCTO 
S-MaTpHUbI HCHOb3yeTcA OnepaTop sBomonuN U, (f), H B TOM, 4TO CTaTHCTH- | 
YeCKOe YCpeHEHHE BBINOJHACTCA MO COCTOAHHAM HyJIe€BOrO raMHJIbTOHHaHAa Ha. 
ITH OcOOeHHOCTH onpeseneHusA yHKmuH (7) aMUMIaIOT MX CBOHCTBA BpeMeHHOH | 
OHOpOsHOCTH. | 
IIpu ¢ = 0 uerbipe u3 BBeMeHHIX (PyHKUMH OOpaliaioTca B HyJb. OTmHuHOH | 
OT HYJA OKa3biBaeTCA JHUIb pyHKuuA D (171 |Wet2), MPH 9STOM OHA cOBnayaer 
co cBoOoqHOH dbyHkuMeH [puua: 
Dy (pity pats) ‘yn A ee Myc (tse 
o (Hits | Pots) Babee [6 (t1— Te) (%, + 1) + mp8 (v2— 7)], (9) 
rae 
ny, = (eo — 1), 


B cuuly KBaypaTHuHOrO XapakTepa onepatopa V ypaBHeHua aia dyHKuNH 
D u @ ABIAIOTCA 3aMKHYyTbIMM. IIpHBeqeM HeKOTOpbIe M3 HUX (3): 


t 
D (uiti | W2t2) =Do (wit1 | wet2) —G\ac Do (uiti:| wit) X 


0 


x Vin (| MeT:) + >) (ApnwD (UT | ots) + BuyD (| Hate; Ht) | (10) 
p 
t 


p (iti |) = — de Do (tity | WT) va a Di Aun? (WT J) + Buy? (| 1) | , 
: » 
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rae Buy’ = 472 (Buy + By). YpaBHeHua IA OCTaIbHbIX (byHKNMH MMeIOT 
AHAJIOTHYHBIN BH. ; 

Jima ompemeieHHA CIeKTPaJIbHbIX MOMECHTOB JOCTaTOUHO 3HAaTb MOBeeHHE 
KapakTepucTuyeckoH dyHKuuH /(f) B OOlacTH 3Ha¥eHHH ¢, OMM3KHX K Hy. 
Tia STOK O6MACTH 3HAUeHHH Mapametpa ¢ pewieHuaA ypaBHenun (10) MoryT 6nITb 
HOJIYYeHbI METOOM UTepalHi, H TEM CaMbIM BO3MO2KHO MIpHOMKeHHOe onpere- 
nenue dbyukunn f (¢t). JToT cmocoO Mo3BOIAeT BMECTe C TEM BLIYHCIMTb TOUHbIC 
3HAYCHUA PALA MpOH3SBOAHBIX dPyHKuuH f(t) mpu ¢ = 0, ecmM TOKO COXpaHUTb 
HOCTATOUHOE YHCIO YICHOB HTepalMoOHHOrO pxga. Tak, HampuMep, AA ompene- 
N€HHA TepBbLIX TpeX MpOH3BOLHEIX oT f (¢) MOCTATOUHO BLINOMHUTb ABe HTepalHu 
IPH pellieHHH ypaBHeHHi (10). 

Haiiaa bdyxyKkunw f (¢) ykKa3aHHbIM O6pa30M H BBIYHCJIMB MepBble ee MpOH3BOI- 
Hpie pH ¢ = 0, HeTpyqHO m0 dbopMyviaM (3) u (5) HaliTH NepBbIe MOMeHTHI CreKT- 
Da MOPIOULEHHA CBeTa MOJAPOHOM HIM F-1eHTpoM. 

OnpejenuM wacToTy V1 CeLyIOulHuM OoOpa3om: 


hv, = E; + >) Ayyny. | (11) 
p 


Torga Jf MOMeHTa BTOpOro NopAgAKa, onpesenAlomero NomyWIMpHHy n0- 
NOCH MOFIOWCHHA CBeTa, MOJIyyaeM 


<[h(v — v1)12> = Dy | Vu? (2m + 1) + 

) oa ah Le oh ay (12) 

ar aa Sh | Ane ? (tp tye + 2ryitys) + | Buys P (Lb ty + ty ++ Orgy’). 
pe” 


TpetTuit MOMEHT, ONpeeIAIOWMH ACHMMETPHIO CNeKTPaJIbHOH KPHBOH, HMeeT 
3H]: 


{1h (v—v) 12> = 2D |VaPQ.+ > {AuwV Vie (1 + 87 ++ Sry ++ 6g ty. + 
Fe py 
4 —-sF * = —_— — _ — 
a oy (ByyViV 4 BuyV iV a") (2 + Sn. “i. Sy? - 6nyN,’) — 


+ Dil Ave: Qn — ue) Cay =) + | By 


pep 


2 (Qu + Qy-) (LE my + my) + 


{ = ae Zs ae 
a \= Ay yAyp App! (Mp + My + My, 8ny/ty, + 
Pe’ peg 
+ 3ny net 3ryny, + bry My My,) + 
Be Baa By MA) Me 1 2A 4 One En, ne 


BE Si, Phil Bfuithag st Grip My, (13) 


B npeqeiax cxemaHHoro mpeqnomoxeHuA O xapakTepe omepaTopoB Ha, H» 
4 Moa bopmyuipt (11) — (13) Tounpie. Onw yUHTbIBaIOT KaK CBHI OCIIMJIJIATOPOB 
43 OJIOHKCHHA PABHOBECHA, TaK H H3MeCHEHHE HX UACTOT. 

Cormacuo (11), MakcumMyM Nosocbl NOriouleHHA CMelLaeTCA pH H3MeHeHHH 
remilepaTypbl. ITO CMelleHHe MpOHCXOHT NO JMHeEHHOMYy 3aKOHy B OOacTH OOvIb- 
Mux TemMMepatyp. TemmepaTypHoe cMellleHHe OTCyTCTByeT, eCIM_npeHeOpeyb 
acbeKTOM H3MCHEHHA YacTOT COHOHOB. 

Jlanee OTM€THM, TO MOYWMpHHa MOOCbI NOPMOULEHHA CBeTa OKA3bIBaeTCA 
JOIbIMe, CCIM IPHHATb BO BHAMAHHe H3MCHeEHHE PCEHOPMHPOBAHHBIX YaCTOT IPH 
BIEKTPOHHOM Tepexoge, 4eM B CuIy4ae, Kora 9THM SPPeKTOM mmpeHeOperalor. 
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Hakonel, OTMeTHM, 4TO MPH paccMOTPpeHHU UCMyCKaHHA CBeTa BeMUMHBEI 
Vz, Q2, App U Byp OynyT, BooOule ropops, ApyruMu, 4eM B cayuae MOP JOLLe- 
HUA CBeTa, H MOSTOMY TaKMe BEJMUHHEI, KaK NOJIYWIMpHHa CNeEKTpaJIbHOH KpH- 
BOHM, MOrYT OKa3aTbCA OTJIMYHLIMM OT CBOMX 3HaYeHHH WIA KpHBOM NOrouleHuA 
cBeTa. 

Bowee MOApOOHEIe CBEeCHHA MOryT ObITb NOJYYeHb! NOCTe BLIGOpa KOHKper- 
HOH MOH MOriowaioujeH CBeT CHCTeMbI H ONpeyeneHua dyHKWHA TeopHuH. 


Matematuyeckult HHCTHTyT uM. B. A. Crekjosa Tloctynusto 
Axayemuv Hayk CCCP é 28 III 1961 


JIa6opatopua TeopeTHueckoH (bu3nKH 
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Jlonnanm Akagfemun nayr CCCP 
1961. Tom 139, Ne 4 


TEXHHYECKAA PH3HKA 


9. JI. BYPLUITEHH u JI. C. COJIOBbEB 
rAMHMJIbBTOHHAH YCPEXHEHHOTO JBYMOKEHHS 
(IIpedcmaéaexo axademuxom A. JI. Munyem 15 XII 1960} 


Jaa peuleuua MHOrMXx 3a,au MeXaH¥KU, JMHAaMMKH MasMbI, TeOpun KoseOa- 
HUM VM Jp. WIMpOKO MCHOMb3yIOTCA MpHOMWKEHHbIC MeCTO[bI, OCHOBaHHbIe Ha 
yCpe(HeHHH COOTBETCTBYIOULUX ypaBHeHHii. Eci nosy4eHHble TakuM O6pasoM 
YCpeHeHHbIe ypaBHeEHMA NpecTaBAIOTCA B KaHOHMYCCKOH TaMHJIbTOHOBOH 
opMe, TO STO MO3BO/IAeT Cpasy 2%Ke NOMYYATb HX MepBbI MHTerpat. B HacTos~ 
mel 3aMeTKe H3slaraeTCA MeTOA MOyYeHHA yCpeHeEHHBIX KAHOHHYECKHX ypaB- 
HeHUH. 
 ilYepedtunenue ypasueun nu it. CuctemaguppepenumambHix ypas- 
HeHUH 

dx, 
Go ele (Me t) (1) 


© Manbimu (¢ — Masiblii napameTp) H mepHoyMuecKMMM M10 apryMeHTy ¢ mpaBbimMu 
WaCTAMM MOXKeT ObITh 3aMeHeHa MpHOMMKEHHO CHCTeMOH 


d 
= = Ein (Ez) + &* por (E:) + °°, (2) 


He coyepxKauteli ABHO apryMeHta Z, pellleHuA KOTOPOK E, ABJIAIOTCA MC] JICHHbIMK 
yHKiMamu fH OTMYAIOTCA OT X;, Ha BEMMGHHEI NOPADKa €. DyHKUMH Pz OLIpe- 
JeAIOTCH C MOMOLILIO CeMyIOMlel 3aMeHbI NepeMeHHbIX (7): 


Xn = a + emi (6, #) + e'mer(E, t) = hop ADed (3) 


Tule Nie — HOBbIe HeusBecTHEle dyHkunH. IoycraBisasA (2) u (3) B (1) uw mpupas- 
HUBaA WICHbI OMHAKOBOFO MOpsAyKa NO &, MpHXOAMM K CHcTeMe ypaBHeHHh, 
CBASHIBAIOWLUX P,,, Np Up: 


ann ES Onn ON, OF, 
Gir “5 OL = Ty? : Por dis 0, Qi: + OL => OE; Thi 
5 4 
ONn yy ONon un ONsp Fp 1 Of, a 


®t oe Px + ae, Pu + ar 9G, ee + 2 ae aE, Wt: 


re fr = fr (E:, t). Soecb U Wanee NoypasyMeBaeTcH CyMMMpOBaHHe NO [BaxK- 
bl BeTpeuaionjemyca ungekcy. IIpumem, 4TO 1,, ABMAIOTCA MepHoqMuecKHMH 
byukumamu aprymenta ¢/, HW MpHpaBHAeM B (4) OTWeIbHO MOCTOAHHIe WH Tepe: 
mennple (mo ¢) 4acTH KaxKOrO ypaBHeHHaA. Torga nowyuuM 


Pin = Te The = Ta t fee 


ames ir Soh 

sed Nik vie Fed incase tee 

.| Por eo OE, Nh: Ton OE; Py, Nor an © Nor + dE; uF 0E; ®,,> (5) 
y Of, 4 Of, One ONog 


Pan = ae, "ae + a aE 0g; WT — GE, Pa GE, He 
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3yecb yepTOH CBepxy OOO3HAYeHO CpesHee 3HAYeHHE COOTBeTCTBYIONeH PyHKUMH 


—— 
no aprymenty ¢ (mpH duKcupoBaHHErx &,); / =\} dt, rne jf =f —f. | 
B ppipaxenuax (5) PyHKUMH 1,, OCTAIOTCA HEONpeeICHHBIMH, JIA OHOSHAY-— 


HOrO ONIpeeeHHA DM, H ny HeEOOXOJMMO BBECTH HEKOTOPbIe qOOaBouHble yCJIO- | 


sus. IIpocreiimHM yCOBMeM ABJIAeTCA TpeOOBaHHe OOpalleHUA tie B HYy/b. Ha- 
MH ObLIM MOJIYYeHbI COOTBETCTBYIONIHe YCpeHeHHble ypaBHeHHA C TOUHOCTHIO | 


RO UeHOB NOpALKa €° BKJIOUHTEIbHO. : 
2. YcopemueHuve KaHOHMUeCKHX ypaBHeHHH Tamuap- | 


toua. Ecau ucxoguble ypaBHeHia (1) MOKHO 3allMCaTb B TaMHJIbTOHOBOU 
dopme 

dq, OH apy oH 

= = 5- = + “Ip ae ae El pk: 6 

de Op; ee aah oo (6) 


TO yCpeAHeHHbIe ypaBHeHHA, BOOOULe TOBOPA, HE HMeIOT POPMbI KaHOHMYECKHX 
ypaBHenuit TamusbToHa. OAHAKO CielMasbHbIM BbIOOPOM 1),, MOMKHO JOOMTHCA, 
uTOObI H YCpeqHeHHbIe ypaBHeHusA (2) HMenH ramMMabTOHOBy dopmy (%). na 
ONpeeNCHUA COOTBETCTBYIOWIMX PYHKUMH 1,, MPOW3BeqeM BMecTO (3) KaHOHH- 
yeckoe mpeoOpasopanve (5) OT pi, gi: K HOBbIM mepemeHHbIM P;, Q,: 
gi = (GP), te)s) Or = opt (q;, P;, ¢, ©). Tlpeqctapaaa mponsBoga- 


mylo dyHKuuio F B Buge paga mo ctrenenamMe F = @;P; + €F, (q;, Pj, t) + 


+ eF, (g;, P;, ft) + ..., MeTOXOM MOCeOBaTebHBIX NpHOMWKeHHH Haxo- 
TMM BEIPAKEHHA JIA Nj, H Nyy, OMPCMCNCHHBIX PaBeHCTBAMH (3), Han 
Pr= Qn + Oth + ---, Pe =Pr+ tM +... Bennannn Nig, A Nip 
HOKa3bIBAalOTCA PaBHbIMH 
(Seas _ oF 
NPN Oars 02 OUOry GPa re FoF 
“pk ~ ~~ 6p, T OP,,0Q, OP,’ Nopk ~ 9Q,  5Q,00, oP,’ (7) 


re fF, = Fy, (Q:, Pi, t). Upeo6pasopanue octaetca KaHOHMYeCKHM TIpH mpo- 
H3BOUIbHLIX (yHKUHAX F,. BBegqeM JONOJHHTeIbHOe TpeOoBaHHe, uTOOH Fp 


ObWIH MepHoquyecKHMH *yHKUMAMH 7, MpHueM TakuMu, 4TO F;, = 0. Torgza, 
IIpupaBHHBad B (7) NOCTOAHHbIe H MepeMeHHbI€ 4YaCTH H MOJCTaBAA BMeCTO 


Nige UN;p, HX BbIPaKeHHA M3 (5), NOJTYYMM MCKOMBIe BLIPAKEeHHA JIA Nigh 1 Nepe: 


Pa by oa Naas of ae 
Nige = Nipe = Us Nogk “Ha Fats Nope = “aq, tee (8) 


Grech HU jaiee HOBbIe NepemMeHHbie P;, Q; OOO3HaYaIOTCA CTPOUHbIMH OyKBaMA 
Pis Qi. the i? 

Bmecto BbipaxKennl (8) qa y igk MU Nzpy MOHKHO B3ATb OTJIMUAIONHeCA OT HHX 
3aMeCHOH Pi — qi, Ji > pz. C WembiO CHMMETPH3allMH MO KaHOHMY4eCKH COmps- 
*KCHHBIM TI€PeMCHHBIM q,, P, BbIOepeM ies HY ipk PABHBIMM TOJTycyMMe yIOMs- 
HYTbIX BbIPaxKeHHl *, T..e. 


> 


al = —— 4 A 2) 
‘hige = “pe = OF) oe 3. 


4 Of : 
cist Meher a ‘ (8 EE 


Z 


IIpu stom ypasnenus Tamuaptona (6), cormacno @opmyviam (5), (8’), 3aMe- 
HAIOTCA Ha MIpHOJIMKEHHbIe ypaBHeHHA B KAHOHHYECKOI (popMe Cc «ycpeHeHHEIM» 


* om Fat e 
STO BO3MOXKHO B CHAY Toro, uTO Nopk 4 Nog BXOMAT B (5) mHHelHo. 
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‘AMHJIbTOHHaHOM, C TOUHOCTbIO JO YIeCHOB Tlop#AKa 83 PaBHbIM 


ww @OHe , &( OH pe 4 Of is 
He HAS Fete +5 (gear, li + eae. fr) (9) 
IIpu BprBome (9) HcnOIb3yeTCA pPaBeHCTBO i —— ab 1 COOTHOWCHHA MexKILY 


IPOMSBORHEIMU (byHKuNH foc MU fp: BbITeKAIOUHe W3 UX ONpesenenuii (6). Ilo- 
JIEMHee BLIPAKEHHE MOMKHO 3allMCaTb TaKKe yepes CKOOKH Ilyaccona {f, g}: 


th, (10) 


B MpHMeHeHHH K JBYWKeHHIO 3apAXKEHHOM YaCTHUbI B ObICTPOIepeMeHHbIX 
WJIEKTPOMAPHUTHBIX MOJIAX NOJYYeHHbIe yCpeHeHHble ypaBHeHHA HE COMepxKaT 
OLIUHO MIPHHHMaeMoro OFpaHHYeHHA HePeNATHBUCTCKUM CJIyHaeM med 
YlHaKO ABHBIH BU, yCpeHeHHOFO FaMUJIbTOHHaHa JIA TBHKCHHA PeJATHBUCT- 
‘KOM YACTHULI B IPOH3BO/IbHOM MOe ABJAeTCA JOBOMbHO COxKHBIM. IlosToMy 
{bl OfPaHHYMMcA 3fecb BbIBOJOM U3 (9) HepeATHBMCTCKOrO TaMHJIbTOHHAaHa Hi 
IpHBemeM TIpHMep, Fe HEMb3A MOMb3SOBATLCA HSBECTHBIM BbIPaxKeHHeM (7) nas 
‘BbICOKOYACTOTHOTO MOTeHWHala». 

Ucnoan3yx dyukumio Tamunptona H ana HeEPCIATHBHCTCKOH YaCTHIbI B 
one E, H, onpenensemom noTenunanamu A u @, H 3aMeuad, 4TO IPH vic ~ & 
3C-IMYHHbI P; U A; MOMKHO CUMTATb MaJIbIMM MOPAAKa &, C TOUHOCTHIO 10 BEIMYHH 
jomee BICOKOFO NopsAyKa MasiocTH u3 (9) HaxoqHM, 4TO 


a = 2. (mo —+ Ary +00 + gm E*. DPC 


Takum o6pa30M, ycpeqHeHHOe JBHXKeHHE YACTHIbI MPOMCXOMHT B CpeMHHX M0 
spemenu fiomax E u H, k KOTOpBIM yoOaBaneTca eme cua — VU, rye 


H+ iH +4{ Aya, HS 


ex S 
y = ae — «BbICOKOYACTOTHHIM MOTCHIMAI». 
®opmyaa (11) cnpaBeqimpa mpu | E | ~ |H|. Ecna xe |H|5>| El, To 
HCOOXOMMMO YUHTLIBATb H [pyrve WIeHbI B BbIPAaKeHHH MIA 9. PaccMoTpuM, 
JanpHMep, JIBHXKCHHE HePCATHBUCTCKOM WACTHUBI BAOMb OCH KBAPYyMOJbHOrO 
KBa3HCTaNMOHapHOrO = MarHuTHoro roma. IIpu stom A =A, = hxy cos ot. 
B npeqmonoxeHHuu, uTO vz > eA,/mc, NOoAyHMM U3 (9) 


9 
Pz 


‘ p; Se ieee = 
He raced bheteeeel Ny (12) 


Tax kax 3€ He 3aBHCHT OT 2, TO HMMybc pz = mv, = const. IlpH 7BH>xKeHHH 
JaCTHIUbI BOM3H OCH ueH c E* MHOrO MeHBIUe, YeM WICH C H?, scwemcTBue Toro, 
ato E2~ 7*, a H? ~ 7’. 

8 PamunbTOHOBH ypaBHeHH aA, ycpeAHeHHbIC "HO 
koopguHarTe. Ecau dyHkuua Tamunptoua H spasetca mepuoquueckol 
MO OfHOM U3 KOOPAMHAT 2 (He OOA3aTebHO yleKapTOBOHi), Kak, HalpHMep, B yc- 
KOPHTeIAX C USMeHSIOULHMCA 10 a3HMyTy MarHHTHBIM NOAeM, TO aHaJIOrHuHoO 
MpelbIyuleMy MOXKHO IpOHSBecTH ycpeAHeHHe M10 3TOH KOOpyuHaTe. B 3TOM 
euyuae, KOTa YaCTHa HMeeT OOMBUTYIO «IPOLOMbHYy!O» CKOPOCTb (m0 z), Mao 
OTIMYAIOMLYIOCA OT MOCTOAHHON, ypaBHeHHus TamusbTona (6) 3alMcbiBaioTcaA B 
pune x, = ef, (x, 2), 2 = 1 + efe (xi, 2), THE MOCTOAHHAA YaCTb 2 MpHHATA 
3a CNMHMILy, a uepes xX; OOOSHAYCHbI BEMMUYMHBI 4, Pi, 2. To metony H. H. Bo- 
romi0o60Ba HULeM 3aMeHy IIepeMeHHBIX Xp, = EB, Peni! ener) rea ae 
2 — & + en. (&:, 2) + ...-, KOTOpad NpHBOAMA Obl K ypaBHeHHAM WIA a, 


u ., He cofepxKalluM mepemMeHHOl Eo: E, = eQu, (6) +. + & = 1+ 


My EQiz (&,) =f apres 


YpaBHeHuA AIA Q,, H 1, NOMYAAIOTCA MPH 9TOM COBNATAarOULIMH m0 (bop- 


me c (5), rge uHgeKchl i, j, R po6eraioT Bce 3HaveHHA, BKIOUAA H Z, a ycpel- 
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HeHHe H Oepalua * MpOusBOATCA NO apryMeHTy»§, BMecTO ¢ B (5). Paccyxyaa 
ylasee aHaNOPHUHO MpeAbILyUleMy, MOXKHO yOeUTbCA, UTO AIA TOO YTOOBI yc- 
pemHeHHble ypaBHeHHA MMeNM TaMMJIbTOHOBY (bopMy, focTaTOuHO BHIOpaTb 


Nigk U Wipe COPMacHO cpopmywiam (8), Te HHeKC Z ABJIACTCA PABHOMNPaBHbIM C 
OCTAaJIbHbIMH. 

«Yepequenubliiy TaMHJIbTOHHaH Takxe coBMayaeT mo dopme c (9) — (10), | 
rye onepanuaA ~ HW ycpeyHeHve MpOM3BOAATCA MO apryMeHTy Z, a CyYMMMpOBa- 4 
Hue — 110 BCeM MHeKcaM, BKsIOUad Z. YcpeAHeHHbIM TaMMJIbTOHHaH He CoOsep- 
KUT 2, TAK YTO YCpeHEHHOe JBY2KeEHMe MMeeT HHTEPpasIbl SHEPIHM M MMMyJIbCa: 
H(9i, Pir Pz) = const, pz = const. 

4.¥YcpeueHuble MArHHTHBe nOoBepxuHocrTu. IIpuse- 
J\CHHY10 BbIMe MeETOAMKY pacueTa MO2KHO IIPHMeHHTb JIA OTLICKAHHA ypaBHeHHA 
«ycpeHeHHOM MarHHTHOM MOBepXHOCTH» B CJlygae, KOra MarHHTHOe Mowe | 
H (x, y, Z) ABMAeTCH WepHoaMueCKOM CPyHKIMeM KOOPAMHATH Z WH MpoOsOJbHad | 
KomnoHeHTa H, BeIMKa 0 CpaBHeHHIO Cc nomepeqHbiMd. YpaBHeHHA MarHHuT- | 
HbIX CHJIOBbIX JMHHH 


oo be aa Oe aaah hh, 4 Azhy 


ie dy (Gi ai! 
dz Ahh, 


iby Bie tele 
aye apa athe 


A pipe Ape eo Tey 


(H,—UpwusATo paBHbim equnuue, A, = 0, heal hy y) HMeIOT CTaH- 
napTHy1o cbopmy (1), rae WpaBble uacTH CBASaHbI foeees div H =0. Ilo- 
cTapaeMcaA BbIOpaTb TakylO 3aMeHy TMepeMeHHbIX (3), YTOObI YCpeMHeEHHbIe ypap- © 

dx oD dy |. fora) 
HeHHA (2) MMeIH «raMHJIbTOHOBy» opmMy ean cua Wie Tora WHA | 
Terpat @® (x, y) =const naeT ypaBHeHHe ycpe]HeHHBIX MOxABLEAS ‘TOBep X- 


HOCTeH. ITO JOcTHraeTcA BbIOOPOM y i, B Bue hs = = 1, y= azo) (3 nae + (AV) he, 


Noy =5 (hV) Ay. Tlogcrasinx 9TH 3HaueHHA tes B (5) H MpeoOpa3sya nowyueH- 


HbI€ ypaBHeHMA C HcHOb3usaHHeM div h = 0, nowy4uMM BhIpamenne AA (yHK- 
wun @ (x, y), aHanormuHoe (10) no cTpyKType: 


w= A, +45, + F(hv)®, , (14) 


rye O1 = hyhy — hyhy, P= li ee ay ah fern a. Tipu hy =hy =0 


cyHkuna D2 papHa 1 H MBI baton K ypaBHeHuio yCpeHeHHOH MarHuTHO 
MOBepXHOCTH, MowyaeHHomy B (*). 

TakuM OOpasoM, MpeACTaBJIeTCA BO3MOXKHBIM MOCTpoeHHe (a TeM CaMbIM H 
CYUeCTROBaHHe) YCpeMHCHHbIX MAPHHTHbIX MOBeEPpXHOCTeH C TOUHOCTHIO 0 BEICO- 
KMX I1pHOJIMKeHHM MO OTHOUICHHIO MomepeqHoro Nowa K NposoubHomy. Kak u3 


BeCTHO, STO IipeCTaBJIAeT MHTepec JIA PasJIMUHbIX BAaPWaHTOB CHCTeM Yyflep2Ka- 
HHA TJIaASMbI. 


Tlocrynnaio 
6 XII 1960 
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Jjonnagn AkafwemMun HayR CCCP 
1961. Tom 139, Ne 4 


TETNJIOTEXHHKA 


Ynen-koppecnonyzent AH CCCP M. A. CTbIPHKOBHY, 3. JI. MHPONOJIBCKHA 
nu WI9Hb Y)KAO-IOAHb 


BJIMAHWE HEPABHOMEPHOCTH OBOrPEBA NO AJIMHE TPYBbI 
HA BEJIMUHHY KPHTMYECKHX TETJIOBbIX NOTOKOB 


B cBa3u C HeOOxOsMMOCTHIO OGecmeyeHHA HOpMaJIbHON padorTEt BbICOKOMOp- 
MPOBAHHEIX TeMJOOOMCHHBIX YCTPOHCTB B HacToOAllce BPeMA TpOBeeHbI MHOTO- 
IMCJICHHbIe padoTLl NO MCCJeOBaHHIO yCJIOBH BOSHAKHOBCHHA KpH3Hca KuTIe- 
ia. Tlouru Bce uccIeqOBaHUA BHINOJHANMCh MPH MOCTOAHHOM o6orpeBe Mo /WIH- 
4@ SKCIeEPHMeHTaIbHOrO y4acTKa, OHaKO B PAE TeMJIOOOMEHHBIX YCTPOMCTB 
reIIOBOH MOTOK pacmpesleineTcA HepaBHOMePHO 10 “AHHe Kavala. B cBa3u 
> 3THM ABTOPaMM OblIO MpOBeAeHO SKCHEPHMCHTAJIbHOE viccyleqoBaHHe C IeJIbIO 
i3y4CHHA BIMAHHA 9TOTO PakTopa Ha yCJIOBUA BOSHMKHOBeHHA KPH3HCa KuIIe- 
HMA. 
ONLITE! MPOBOAWIMCh MPH MOAbeMHOM ABWWKCHHH B TpyOax mapo-Bol7HOH 
SMeCH H BOM, HelorpeTol No TemmepaTypbl HacpIIeHHA, MPH AaBJeHMAX 100 
u 180 ata, BecoBbix cKopocTax 400, 850 u 2000 KI/m?-cek. 

SKcrepumentaibHad ycTanoBKa (ee cxema rlopo6Ho onucana B pacorTe (’)) 
pelcrapisasa coool He3AMKHYTHIM ~KOHTYP. Tleperperplii map Mapsienvem 10 
300 ara uc Temmepatypolt Jo 600° of KoTIa HOCTyNad B MapooxJaAUTedb c pery- 
NUpyeMol MOBepXHOCTbIO OXJaKAeHHA, Pe oxaxkasicd JO HyKHOTO TeIMJOCO- 
JlepyKaHua, H padowad cpela HanpaBsAasach B BEPTHKAJIbHbIM 9KCIEpHMeHTAJIb- 
HbIi yUacTOK, a 3aTeM, Mocse ee Apocce/IMpoBaHUA AO aTMocdepHoro JaBeHHaA, 
nocTyiasa B KOHJeHCaTOp MH MepHbIi 6a40K. 

_ Jiapnenwe wu BecoBad CKOPOCTh B 9KCIEpUMeHTAJIbHOM y4acTKe PeryJIMpoOBa- 
uch M60 BeHTHJIeM, PaCio/OrKeHHbIM HO WapooxagquTeA, M00 BeHTHJICM, 
PaCNOMOMKeHHLIM BOMH3H BXOAa B ooorpesamylo TpyOy. B neppom cJlydae MerK- 
ly \pocceIbHbIM OpraHoM oGorpepaemo TpyOol pacnosaraioTcA yuacTKH 
TpakTa, 3allo/IHeHHbIe yipyrok @KNMaemMol cpefol; pu STOM Co3faloTCA yCJIO- 
BUA JIA CBOOOLHOTO pasBUTHA MyJIbcallUHH pacxosa pa6ouel cpelbl Mof BJIMAHH- 
em (bilyKTyalvi aBJIeHHA, BOSHUKAIOWAX B mpowecce MapooOpasoBaHHA B oG60- 
Tpesaemo Tpy6e. Bo propom csydae, Kora BO BxOJIHOe CegyeHue OOorpeBaemon 


TpyObl moctynana Bofla, HejorpeTas no ft; (x = —* <0), yaacTKM TpakTa 


Mex Ly TpyOol Hu ApocceJIbHbIM OpraHOM ObIIM 3anO/HeHEI HECKMMaeMOl CpeqOoH, 
Ty. €. WM@JIH MeCTO PexKHMbI C OPPaHHYCHHbIM PasBuTHeM nysbcalui. 

ONEITH MIpOBOAMMcb KaK NPM PaBHOMePHOM, Tak UM IIpH HepaBHOMepHOM 
jlo lmMHe OOorpeBe SKCepuMeHTAa/IbHOM TpyObl Aaunol 160 MM W BHYTPeHHHM 
juametpoM 6 MM, M3rOTOBJICHHOM U3 HepxaBelouleH CTA MapKH 1X 18H9T. 
OGorpes SKCHepuMeHTaIbHOrO yuacTKa OYILECTBAICH yTeM fpomycKaHHA 10 
HeMYy IlepeMeHHOTO 9/IeKTPHYeCKOTO TOKA. Jina co3qaHua HepaBHoMepHoro M10 
qwiane oOorpena IIpHMeHANHCh TpyOKH C nepemMeHHow m0 WIKHEe TOJUMAHOM 
CTeHKH, Up 3TOM HapyxXKHbIt AMaMeTp TpPyOKN U3MeHAJICA JMHeHHO. 

_ B ombirax npumMensanuch 2Ba Bua HepaBHOMCpHO oGorpeBaeMbIxX TpyOoK. 
HacTosmlell CTaTbe IpHBOMATCA BaHHble, NOMyYeHHbIe B OMNbITAX © TpyOKamH, 
_KOTOPBIX OTHOWEHHE MAKCHMAJIbHOTO TeIMJIOBOrO moToKa K cpejHemy COCTaB- 


nano 2,3, a K MHHMMaJIbHOMY 4,9. 
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BosHuKHOBeHHe KPH3HCa (UKCHpPOBaJIOCb BU3YaNbHO NO MOABeHHIO Ha 
TpyOe MeCTHOTO NOKpacHeHHsA CTeHKH. 3a KPHTMUeCKMH TeIJIOBOH NOTOK Mpu- }) 
HUMAJIOCb JIOKaJIbHOe 3HAYeEHHE YeIbHOFO TeMIOBOFO NOTOKA B MeCTe BOSHUKHO- |, 
BeHHA KPH3HCa, KOTOpoe OMpesesAOCb MO M3MepeHHOMY TOKY, H3BECTHOMY 
3JIEKTPHYeCKOMY COMPOTHBJIeHHIO Hep2KaBelowleH cTamM MpH anno cpeque : 


KKan/m2-yac 


Q5 10-04 0 


05 0 Q5 0-04 O Q5 10-Q30 95 10 


¢Ic3m 


» _paB Hep 
Puce. 1. ConoctapieHne 3HayeHHi g xp CO 3HaYeHHSIMH Gy, MOuly- 


UeHHBIMH B OMbITaX C BOSPaCTaHHeM TeMOBOTO NOTOKa MO xoxy pa6o- 

yeh cpegpi (p = 100 ata). A — B ycnoBHax OrpaHHyeHHOrO pa3sBH- 

THA Mybcamuh, 5— B yCcOBHAX CBOOOAHOTO Pa3BUTHA MyJI_EcauHi. 

CnuIOWmHbIe JIMHHH — HepaBHOMepHbIli O6orpeB, MyHKTHpHbIe — pab- 

HOMepHBI OGorpes. a —W, = 400 kI/m?-cek; 6—850 xI/M?-cex; 
@ — 2000 kI/m?-cex 


TeMMepaType CTeHKH H TeOMeTpHYeCKHM Pa3sMepaM TPyObl B MeCTe BOSHHKHOBEHHA 
KpHsuca. ’ 
Ha pune. | npeqcraBeHbl AaHHple, MomyyeHHble MPH MpOBeAeHHH OMBITOB 
C BOSpacTaHHeM TelJIOBOrO MOTOKa NO xoLy pabouek cpegnt. B sTHX ONbITax KpH- 
3HC BCera BOSHUKAJI Y BbIXOHOrO KOHI{a OOorpeBaemonH TpyOpl. Ja cpaBHeHHA 
SH€Cb 2K€ HAHECEHbI KPHBble, OTBEYAIONIMe YCJIOBHAM PaBHOMepHOro OGorpeBa 
‘TpyOok TIpH MpowHX paBHbIx ycloBuAXx. JA STOFO MCHOb30BaHbI aHHbIe, 10- 
JyYeHHbIe B HacTOUeH paOoTe, a TakxxKe B paGore (°). 
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Vis paccmorpenua puc. | cmemyeT, 4TO KpHTHYeCKHe TeMIOBbIe NOTOKH MIpH 


|epaBHOMePHOM OGorpese TPyObI (xp) IPHMepHO BABOE BbIe, YEM IPH paB- 
jomepHoM (kp )i(B aHaNOrMyHBIX yCNOBMAX pH AaBenun 180 ata yBenuueHHe 


Kp cocTapiano 40—50% ). Bosee cloxKHad 3aBHCHMOCTb MOsyueHa JIHIb B 


CNOBUAX OFPaHHUeHHOFO pasBUuTUA NyEcanu np AaBnenun 100 ata, Beco- 
Ix cKOpocTax 400 u 850 KI/m?-cex. J\na nocnegquero cay4aa, Korgza B Npey- 
;KIOUCHHOM OOBEME MaJIOCxKUMAeMaA BONA CMEHAETCA yMpyrou mapo-BoxAHOH 


® 


xran/m*-vac A 


OL 

-Q4 0 5 {0 -Q4 O 5 00 J 

yee 4 a 
Puc. 2. To xe, uTO Ha puc. | B onbiTax c yOpIBaHHeM TeMOBOTO MOTOKa 


CMECbIO, T. €. IPH Xx = 0, MpOHCXoANT CKayuKOOOpa3HbI MepexO, OT BbICOKHX 
sHaueHHli qe;? K HUSKHM, KaK 9TO HaGwIOJalocb M B OMbITaX C paBHOMepPHbIM 
o6orpesom. II[pu stom Ama OGacTH x,x > 0, Kora H Mp HaMaMH ApoccesmH- 


pobaHHA MoTOKa BOM3H BxOgJa B OOorpeBaemy!0 TpyOy lyibpcaywMu pacxoga 


Mormu pasBuBaTeca, g@°? OBO mpuMepHO BABOe Sombre gxp. Ip xsx < 0 
p p 


BIMAHME HepaBHOMepHOCTH ObWIO 3HayNTeIbHO clabee H CaMa 3aBMCHMOCTS 
gic? =f (x) oTmwuanacb oT MomyyeHHOH B ycOBHAX paBHOMepHOrO OCOorpesa. 


PesysbTaTEI ONLITOB C yOLIBAHHeM TeNJOBOrO MOTOKAa M10 XOAy pa6ouek cpesbl 
TipeycTaBleHbI Ha pvc. 2. B sTUX ONbITAX MPH Xex > 0 Kpu3vc BOSHHKa On3 
BHIXOMHOTO CeYeHHA TPYOb!, re Obla 30Ha HAMMEHDINMX TEMOBbIX MOTOKOB, 
HO HavOombuee 3HaueHMe SHTambIMM cpemb. BenuunHa gxp Mp TOM, Hac6o- 
poT, B Ba pa3a MeHbIle, 4eM pH paBHOMepHOM OOorpese. Tipw xsx < 0 Kpusue 


BO3HHKad BOMH3M BXOJHOFO CeueHUA TPYOLI, IPH 9TOM gxp SHAYHTEIbHO BBILUE 
g?. Onwako B JaHHOM cmyyae conocTaBseHMe BeNHYMH guy H gap yxKe He- 


TIPaBOMePHO BCJeCTBHE PasIM4HA OOOTpeBAaeMbIX WIMH MPCABKJIOYCHHBIX yda- 
CTKOB TpyObl. 

BuimsaHHe HepaBHOMepHOCTH OOOrpeBa Ha Jxp MOXKET OblTh OOBACHEHO Cue ylO- 
ium o6pasom. B neoGorpesaemo TpyGe np AaBneHuu 100 ara uM BbIe TByx- 
(basHbIt MOTOK MpvoOperaeT SMYJIbCHOHHBIM HIM CTep2%KHEBOH PexKUM TeveHHA. 
Oxkoslo cTeHKU Tp yObl Bera HMeeTCaA CuOK Bob. [loculeToro Kak TemMlepaTypa CTEH- 
KH oOorpeBaemolt TpyObl NpeBbICHT TemMepaTypy HaCbIILeHHA, HAYMHACTCA MpO- 
iecc NapooOpasoBanua B MorpaHHyHoM Kunsulem csioe. llapocojsepxanue cpesbl 
B IOPpaHH4HOM CyI0e Mp ee ABYXKeHHM BHYTPH HHTCHCHBHO o6orpeBaemon Tp yObl 
B OCHOBHOM 3aBHCHT OT TeIJIOBOrO MOTOKAa B JaHHOM CeYeHHM, a TaKKE OT Mapo- 
COlepKAHHA CPeMbl B MpeBKJMOUeHHLIX yUacTKax TpakTa. Tak KaK KPH3HC Ki- 
TIeHUA OOLIMHO BOZHUKAeT B BLIXOMHOM Ce4eHHH TpyObl, TO pH BOSpacTaHHH Ter- 
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JOBOrO MOTOKa 10 JIHHe B MpeABKJIOUCHHbIX yuacTKax TpyObl HMeIOT MecTH 
MeHbIUHe 3HAYeCHHA g H Oolee HH3KHe NapocosepKaHuA NOTpaHH4yHOro COA.OTE 
OOCTOATEJIbCTBO CHHKAeT JIOKAJIbHOe 3HAYCHHE NapocosepxKaHuA NorpasnyHord 
CJIOA B BbIXOJHOM Ce¥eHHH TPYObI H 3aTPYAHAeCT BOSHHKHOBEHHE B HEM CIJIOWHOW 
apOBOH MJIeHKH, OMpesenaiomleH HacTynvieHHue KpwH3Hca kKuneHHs. Tlostomy 
3eCb HaGsloaeTCA yBeMMYeHHe KPHTHYeECKHX TeMJIOBbIX MOTOKOB 110 CpaBHeHHHy 


paB 


C QGkp - lpn yOpipanuu g no AMHe TpyObl HaGMOfaeTcA OOpaTHaA KapTuna, 4T¢ 
TIPHBOAMT K CHHXKCHHIO Qxp. | 
CelyeT OTMETHTb, UTO BJINSAHWe MEHbIMero OOOrpeBa MIpeABKJIOYCHHBIX yuacTy 


pees HHCTHTyT HM. I. M. Kp»xu2xaHoBCKOrO ' Tloctyno. | 
Axajemunu HayK CCCP 5 V 1961 


HWUTHMPOBAHHAA JIMNTEPATYPA 


13. JI. Mupononpexkun, M. EL Iinvuman, UJ MorctuacKkun 
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eckuu. UW. JI. MoctTuuHcKui, Tenmosnepretuxa, Ne 11, 64 (1958). *M. A. Cru 


puKosuy, WH. JI. MoctuucKkuwh, JAH, 127, Ne 2, 316 (1959). 
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Jloxaanp Akafemuu BaykK CCCP 
1961. Tom 139, Ne 4 


XHMHA 
A. A. BEYEP u usen-Koppecnonnzent AH CCCP A. H. FEPACHMOB 


TEPMOAMHAMH YECKHE CBOHCTBA PACIIJIABOB Ag — Sb 


Jlia onpelenenua TepMOAMHAMHYECKHX CBOMCTB pacilJaBOB Ag — Sb namu 
Obiid H3Y4eHA ZABMCHMOCTh SeKTPOMBHMKyulel CHI (9. 1. C.) OT TeMmepaTypbl 
M COCTAaBA CIIaBOB JIA CeyIoulero PaJIbBaHWYECKOTO SJIEMeHTA: 


Ag rs) | Age pacnuase KJ+-NaJ+AgJ) | Ag a SD(pacnaas) 


OnbITbI MpOBOAMIMCb B aTMOCHepe a30TAa IIpH TemMepaTypax 630—830° C.Bce- 
ro Obiio ucceqoBaHo 8 cimaBoB, COCTaB KOTOpbIX HaxOMJICA B Mmpefedax 
10,3—79,5 ar. % cepe6pa. Meroquka npoBeseHHA ONBITOB MH XO pacueTOB HaMH 


Ta6auna ft 
SKcHepuMeHTabHble WaHHble A WH_KUX cnmaBow cepeOpa Cc cyppMo# mpu 1000° K 
| ey ne =) pee ae 

dE/dT, x |; AHag, ASAg x AHy ’ ASj ’ 

*Ag Exe mB/100° “Ag Hears 3. Bete ae ops aie en 2. Eaeas 
0,103 202,4 At ,4 0,095 4,66 9,48 0,074 COE 7,30 
0,203 161 ,0 31,5 0,154 3,00 fe 20 OS 0,86 5,08 
0,295 139,0 26,0 (a) ah Zao) 6,00 0,154 0,10 3582 
0,395 120,4 Diels 0,247 2,24 5,00 0,192 —0,45 2,82 
0,498 103,7 17,6 0,300 1,66 4,06 0,232 —1,08 4,88 
0,613 86,8 13,8 0,365 1,18 3,18 0,283 —1,51 4,00 
0,694 61,8 10),2 0,488 0,92 2,36 0,378 —1,77 0,18 
0,795 23,2 10,0 0,764 1,78 2,34 0,594 —0,91 0), 13 


* CraHfapTuble CocTosHUA — TBepmoe cepeOpo MU KuAKaA CYPbMa. 
“* CraHfapTHble COCTOAHHA — *KUAKHe KOMNOHEHTHI, AIA MepecueTa Ha WKuAKOe cepe6po B3xATa 
corsacuo (4) TensoTa MuaBsenua cepeOpa — 2,69 KKaJ/r-aTOM, T. III. 1234° K. 


Obit onMcaHE pauee (1). OKcnepuMeHTa/IbHbIe aHHbIe IpHBeLeHbI B TAO. te 
TlomHoe TepMosuHamuyeckoe onucanHe cuctempt Ag — Sb B 2KHJIKOM COcTOA- 
HUM (onpelenenve u306apHOrO MOTeHMMaa, SHTAILIMMM M SHTPOMMM OOpasoBa- 
HHA cnviaBoB) cfeano Biepspie. [Ipumenenne B KavecTBe SIeEKTPOJHTa pacia- 
Ba H3 fOJMAOB HATPUA HU KasHA, Kya OblO LOOaBsIeHO HEOOJIbUIOe KOJIMYeCTBO 
iomucToro cepe6pa,NO3BONHNO U36ExKAaTb IIeKTPOXUMMMECKOPO B3SaMMOMCHCTBUA, 
TIPOUCXOAAMETO MPH MIpUMeHeHMM pactiaBa M3 XsIOPUCTHIX coset (*) B KayecTBE 
3nekTpomutTa. B pesysbTaTe BOCIIPOMSBOAMMOCTD 9. A. C. WIA KaxKoro CiaBa 
'B Hallux OMbITAaX Oblia B Mpefenax 0,5%. 
Suepretuka oOpasopanus criapos Ag — Sb npu 1000° K mpupogutcsa Hamu 
Ha puc. 1 u 2. B oOmiem Aa CHCTeMbI XApaKTepHb! OTPHIMATeMbHbIe OTK MONCH A 
oT 3aKona Pay.sa(cm. puc. 1) u orpumaTerbupie AZ"°°, nomoxKHTebHEIC AS" 
VM COMKHbI XO IHTAaIbMMH OOpasoBaHHA (puc. 2). DTo cormacyeTca c \uarpaM- 
MO COCTOAHHA, KOTOpad B OONACTH, ipuuierarouleh K cepeOpy, HOBOBHO COXK- 
pa (*). Ha sTux 2Ke pucyHKax JIA CPaBHeHHs abl M COOTBETCTB YIOUIME BeJIMIHHBI 
{iia pacniapos Cu — Sb, onpeseseHubie HaMH panee Ken 
- O6pamjaer Ha ceOsa BHUMAHHe BeCbMa OoVIbINOe CXOACTBO B XapakKTepe COOT- 
| BeTCTBYIONLUX KPHBbIX: MMHHMYyMBI Ha KpuBplx AZ¥°° nw AH vw MaKcnMyM Ha KPH- 
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poli AS"°° y oGewX CHCTeM NPHXOMATCA Ha CIiaBbl C MPHMepHO OAMHAKOBbIME 
cojlepxkaHuem CypbMbI. OueHb CXOx y STHX CHCTEM H XapaKTep OTKNOHEHUA aK-[ 
THBHOCTeH KOMIOHEHTOB OT 3akoHa Pays. ; 
B amarpamMax COCTOAHMA OOeHX CHCTeM TakxKe OOHAPyKUBAeTCA JOBOMbHOT 
Gosbil0e CXOJCTBO: HHTepMeTasIMYeCKHe (asbl IPyMMMPyOTCA CO CTOPOHbI MEA], 
usu cepeOpa, cymectBytoT cbasbl Ag,Sb u CugSb. OHako MMeloTcs M CymlecTBeH-[- 
HbI€ Pa3/IM4YHA: BO-Me€PBbIX, CAMO YHCJIO (pas B cucreme Cu— Sb 3HAYHTEJIBHOY 
GoulbIle, YTO CBHeTeIbCTByeT O OOJIb- , 
WOH MHTeCHCHBHOCTH B3aHMOJeHCTBHA g.ed/e-am 
MexK]LY KOMIOHEHTAMH B STON CHcTeMe 4 
HaXOJMT CBOe OTpaxkeHve TakxKe H B 
TepMOAMHAMMYeCKHX CBOliCcTBax (CM. 
puc. 2), BO-BTOpbIX, HHTepMeTaJIM4ec- 
Ke coeqMHeHHA B cuHcTemMe Cu — Sb 
HAUHHAIOT HOABJIATbCA Mp OOJIbIUIeM CO- 
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Puc. 1. AKTHBHOCTH KOMMOHeHTOB B_ CHCTe- Puc. 2. CpapHeHHe TepMoqHHaMHYeCKux 
max Ag — Sb u Cu — Sb mpu_ 1000° K. J, cBolicts cHctem Ag —Sb u Cu — Sb mpu 
3—cuctrema Ag Sb—: 1—agy, 3— 1000° K. / —cuctrema Ag —Sb, 2 —cu-. 
Qa,, 2, 4—cucrema Cu — Sb: 2 —agy, crema Cu — Sb 


4— ac, 


Jep2xKaHHH CYPbMBI: CyllecTByeT CoemMHeHHe CuzSb, nozo6uoro KOTOpoMy HeT B CH- 
creme Ag — Sb. B cBa3u ¢ 3THM HHTepecHO paccMOTpeTb XapakTep H3MeHeHHA 
AKTHBHOCTH CYPbMbI B 3aBHCHMOCTH OT cocTaBa (puc. 1). Y o6eux cucTeM Mou0x*KU- 
T@JIbHbI€ OTKJIOHCHHA OT 3aKOHA Payvis C YMeHbINeHHeM COJepxKaHuA CypbMBEI Ie- 
PEXOMAT B OTPHWAaTebHbIe, MpuyeM y cnwaBoB Cu — Sb JaHHbh mepexoy mpo- 
HCXOLUT paHbule. OToT scspekT CBA3aH C OOPas0BaHHeM B paciaBe He TOJIbKO 
rpynmuposok Tuna A — B, Ho un Az — Bu gaxe A; — B. Beposrtuo, B pacnua- 
pax Ag — Sb TenJenuna kK oOpa30BaHuto rpynmmuposok A; — B Bpipaxkena cuub- 
Hee, CpaBHUTebHO c As — B unu A — B, 4emB pacnamapax Cu — Sb, rye, n0-Bu- 
quMomy, rpynnupopku Az — B u A — B npescrapsenbl OTHOCHTeNbHO OoubIIe, 
uem A; — B. O6 STOM KOCBeHHO cCBHeTebcTByeT JMarpaMMa COCTOSHUA: 
B cucteme Ag — Sb otcytcTByeT coequHeHHe, ananoruunoe CueSb, uu xoTa Obl 
C Me€HbINHM COsepxKannem cepeOpa, uem cbasa Ag3Sb. Bo3mMoxKHO, 4TO C 3THM Ke 
SPPeKTOM CBASAHA M CJOMRKHAA 3aBHCHMOCTb OT COCTABA SHTAIbIMA OOpas0BaHnA 
pacnmapos Ag — Sb. 

Hloubsyacb H3BeCTHLIM TepMOAMHAaMM4eCKUM MOJOXKEHHEM O paBeHCTBe AaKTHB- 
HOCTeH KOMMOHeHTA B (pa3aX, HAXOMAIMXCA B PaBHOBeECHH, MOXMKHO paccuuTaTb 
AuarpaMMy COCTOAHHA aHHOw cucTembl. Hamu Obi MmpousBeyeH TaKOU pacueT 
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11 cuctempt Ag — Sb c iesIbIO ONpeseIHTb KPHBylO JIMKBHAyca CO CTOPOHbl 
/PbMbl JO SBTEKTHKH. ITOT pacuer anavlorHueH CiesaHHOMy HaMH paHee AIA 
icTembI Cu—Sb (°) w pesysIbTaThI ero 
UBeeHbI Ha puc. 3. PaccunTaHHad 
DUBaA JIMKBUyca HM oMpeeieHHaa 
<cIIepHMeHTasIbHO (7,°) XOpOLIO CO- 
facyloTCa, HO paccuvTaHHaA JexKHT 
eCKOJIbKO Bile (mpHMepHo Ha 10°). 
TO, BEPOATHO, CBAZAHO C HeMpsAMO- 
uHeliHol 3aBuCcMMOCTHIO 1g asp! OT 
/T, spaeHue, KoTOpoe B CHCTeMe 
u—Sn Ha6dmozan Kaenna (°). 
OSMOXKHO, YTO IPH NpHOMKeHHH K DP eisme nse 0) Oe") Oo 
puBolt JIMKBUJlyca MeHAeTCA Xapak- Z5y—~ 

ep ylaKOBKH aTOMOB B 2XHKOM E Sua 
Drage, ano. 1GmKHO TOBTAATS a Pi, Cre ea ycapencret 
HTPOMMIO CMeINeHHA H, CleLOBATeJIb- Ag — Sb 

0, HaTeMnepaTypHbI KosppullneHT 

E/dT. lo ycaosusam onbira (BbIcoKad TeMMepaTypa NWaBAeHHA — S/CKT- 
OuIMTa) Mbl H€ MOLJIM W3YYHTb AKTHBHOCTb KOMMOHEHTOB AOCTATONHO 6s143KO 


T KPHBOM JIMKBYALyCca. 
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MockoscKuli rocyfapCTBeHHbI yHHBepCuTeT i Toctynuuo 
um. M. B. JlomoHocosa 20 III 1961 
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Jloxnann Akagemun nwayr CCCP 
1961. Tom 139, Ne 4 


3. A..TPEH u akangemuk AH JlatsCCP Fr. A. BAHAT 


2-PEHHWJI-4,5,6,7-TETPAP HAPOHHAAHANOH-1,3 


IlpofomKaa u3y4¥eHHe 3ABHCHMOCTH MexJly CTPOeHHeM UM CBOMCTBaMH B pPALy}, 
uHaHiMona-1,3, Mbl HelaBHO cooOmlHsu 06 UCCIeqOBaHHAX NpoTOoTHNa HHLaH- 
JIMOHOBOH CHCTeMbI — WHkKsomeHTeH-4-qnoHa-1,3 (7,7). Hactosujaa padorta| 
MOcBALeHa HOBOMY aHaslory HHaHnoHa-1,3, uMeHHO, 2-cpenus-4,5,6,7-TeTpa-} 
ruipounsanpzvony-l,3 (1). 

STo coequHeHHe NomyuHH yxe B 1935 r. BepmuHrouun u Cenatopu (°),| 
HO OIMKe HE U3YYMH HM IpHNMCaIM eMy HeMpaBHJibHy1o cTpyKTypy. Mor nowy-! 
uuu I moO MeTOLYy, aHaJIOrMHYHOMy JIA CHHTe3a 2-apHiMHAaHAHOHOB-1,3, a 
MMCHHO, TepMHYeCKOH KoHJeHcainel A?,?-Terparuypodtanesoro anruypyya | 
(III) c denusyKcycHol KMCOTOH NosyUMM COOTBeETCTBYIONIMH GOeH3asbTeTpa- 
rugpodtammy (11), KoTOpbld MeTHJaTOM HaTpHA NeperpynnupoBaiM B 2-ceHua- | 
4,5,6,7-Tetparuspounsanguon-1,3 (1). 11 nomyaen Takxe KonJeHcannel A?3-Te- | 
Tparuapodtaseporo anrufpuga (IV) c denusykKcycHol KucOTOH, npwuem CHa: | 
yasla, OUeBHAHO, MpOWCXOAUT yxKe aBHO M3BeCTHAA TepMHYuecKad U30MepH3a- 
wus IV B III (4,5). Sto o6cTosTembcTBo He yuu Bepsuurouun u CexaTopu, KOTO- | 
pbie MpOBeJIM KOHJeHCalHIO uMeHHO c IV (°,°) m TakuM OOpasoM MpHuM K He-| 
TIpaBHJIbHOMY EBIBOLY O MOJO%KeHHK JBOMHOM CBASH Kak B I], Tak B I. | 


CHC.Hs 

ee CO ¢ co 
(\/\ 2 OSA SN seHcHcoon 7)? eenONa ame a 
| | O- | | 0 ame | O — L | CHEE 
NNR? Nar wen i Nay 


(IV) (IIT) (11) (I) 


2-Menus-4,5,6,7-TeTparuyqponHanAvon-1,3 (1) — cBeTuo-*KenToe BellecTBO, 
pacTBopHeTCA B WlesOUaX C TeMHO-(HOJIeTOBOH OKpacKOH; JlaeT GecILBeTHbIi 
auokcuM. buarogapa ycTowuupoctu | k OCHOBaHHSM HaM yJasIOCb JerKo mpoBecTH 
peaKUMH eFo aJIKHJIMpOBaHHA B OCHOBHOH cpelle, TO GbIJIO HEBO3MOKHO C IMKIO- 
TleHTeH-4-7,HOHOM-1,3 (7,2). Harpepanuem I c 3KBMBaJICHTHBIM KOJIMUeCTBOM MeTH- 
JiaTa HaTpHA HU HOAMCTOTO MeTHJIA TOJyYeHO MOUTH C KOJIMYCCTBEHHBIM BbIXOOM 
2-MeTHJIMpOHsBOLHOe (V). STa peak NpoTeKaeT TialKO M pH KOMHATHOH Tem- 
nepaType HW Jake NpM B30aITHIBaHHH | c HOLMCTHIM MeTHJIOM B UpHcyTCTBHH 
OKHCH KaJibuun. BoccranoBsienue | WHHKOM B YKCYCHOM KUCJIOTe HIM KaTanuTH- 
yeckoe THApPNpoOBaHHe B MPHCyTCTBHH CKeJIeTHOTO HUKesA JaeT 2-cbenusreKca- 
rujponnsanynon-1,3 (VI). Hapsagy c VI nsoumposano ene ryctoe Maco, oue- 
BHIHO TIPpOLyKT JlaibHeMINero BOCCTaHOBJIEHHA. 


OH 
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(VI) (I) (V) 
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CHATEI H.-K. CNE€KTPbI MOJIYYeHHBIX CoesqMHeHHA (CM. TaOvI. 1). B cnextpe I 
AEH! TOJIbKO HOPMAJIbHbIe KAPOOHMJIbHbIe MOJIOChI H MO10Ca ABOHHO CBABH. 
HaOTHYHIN CeKTp Nosyuen Wis V. WutepecHo oTmeruts, TO KapOoHHIbHBIe 
icToTHI | uw V 3ameTHO HMKe Tex, KOTOPpble Haiijeubl y 2-cbeHusMHanAHoHa-1,3 
2-MeTUJI-2-cbeHH MH anuona-1,3, uTo ABIAeTCA OGUIMM 3aKOHOM Np 3amMene 
JOMATHYECKOTO KOJIbIa Ha ABOMHYIO CBA3b. CxojJcTBO u.- K. cneKTpoB | u V, 
TakKXKe OTCYTCTBHE MOFJOUWeHHA B OOACTH BaJIeHTHBIX KOJIe6aHnit O — H-cpa- 
HM, HUCKJIOUAET BOSMOXMKHOCTH CyulecTBoBaHHA | B eHOJbHOH dopme u NOLTBep- 
aeT ero MKeTOHHOe cTpoenne. B cnekTpax TBepsbIx I u V nosBusetcs ca6aa 
10ca OKOIO 3400 cm, sBUsIONaaca, OYeBHAHO, OGepTOHOM KapOOHH JIbHbIX 
leOaHuH, TosobHO (+). 

2-Dennrekcaruspounsansnon-1,3 (VI), HamporTus, cMIbHO oTMuaetca oT | 
AK IO XHMHYECKHM CBOHCTBaM, Tak wu MO cTpoenuto. M.- K. cnexTp VI xapaxte- 
H JIA MOJTHOCTbIO CHOJIM3MPOBaHHBIX f-JHKeTOHOB HM He COsep2xKUT HH OHO 
IOCbI, KOTOPY!O MOXKHO ObIIO Obl oTHecTH K Vv CO Jukap6onHbHO cbopMpl 
I(*,*). IIp# stom B cnextpe TBepzoro VI Ha6mofaetca wiMpoKas nosoca mpH 
40—2660 cm, HalijeHHad JIA MHOrMX eHONH3MPOBaHHbIX B-kuKeTOHOR ¢ 
JOUHOK BOLOPOAHON cBASbIO (HallpHmMep AuMenoH (°)). Oto nosTBep»xKjaeT 
MeCTBOBaHHe TBepforo VI ucKIIOYNTeEIbHO B CHJIbHO aCCOMMMPOBAaHHOll CHOVIb- 
a dbopme. He yyanoch o6HapyxKUTD TakxKe CyllecTBOBaHHe JuKapOOHWIbHOli 
opmpl VI B pacTBope AuxsopsTana c cnuptom. K coxaeHnio, MbI He CMorsMu 
culeqoBaTb VI B MeHee NOVIAPHOM pacTBOpHTede H3-3a ero TpyAHOM pacTBopH- 
CTH. 

V1.- K. CMeKTpbl NOKa3bIBalOT, YTO COeAMHEHHA WMKIOMeHTeH-4-,MOHOBO!I 
3 (*) u 4,5,6,7-Terparuszponnsansnonosoli-!,3 cuctem, noso6HO uH_aHMOHaM- 
3 (*°), He TayTOMepHBI H CyMeCTBYIOT UCKJIOUNTe/IbHO B UKapOOHHJIbHO! Cop- 
>. Hanpotus, wuksonenTanjuoupi-1,3 (?), rekcaruypounfanuount-1,3 (14) 

A®.°-rerparMiponHannouni-1,3 (?) aBuimioTcA TayTOMepHBIMM BeLeCTBaMH, 
XapaKTepHBIM CyIeCTBOBaHHeM B CHOJIbHOH cbopMe (MOMOGHO WeCcTHUIeHHbIM 
iKJIM4YeCKHM $-uKeTOHAM). 

lia NoiTBepxenua ctpyktypbt I] cua u.-K. cnekTppi Il u 3-Gex3aub- 
fava. IlomuMo BbICOKOM YacTOTE! JakTOHHOrO KapOouwua (12), B cneKTpe II 
ABIAIOTCA TAKKE BE NOJIOChI ABOHMHbIX cBs3el. Bpicuiad (1660 cm!) u3 Hux, 
IM J\eHHas TaK*Ke B CieKTpe 3-CeHsa_hTasnJa, NpMHaLNexKUT, OUCBULHO, K KO- 
OaHHAM SK3OUNKIIMYECKOM ABOMHOM CBA3H; a HM3INad, HaOMOMeHHAaA TOJIbKO 
cnekTpe I],— k Kojle6aHHaM 9HOWMKIMUeCKOH CBA3H. 


OKCMICPHMECHTANbHAA WacTb 


3-Beu3amb4,5,6,7TeTparugpopdtaaug (Il). a) B xKonge, 
aOxeHHOH TepMOMeTPOM H HUCXOAMIUel TpyOKOH AH OTTOHKH BbIenAOULeLCA 
peakiuu Bon, 45 r A??-rerparuspodranesoro anrugpuya (III) (44), 2,5 r 
SBOAHOTO alleTaTa HaTpHaA uM 45 r (cbewuJyKCyCHOM KMCJIOTbI HarpeBaloT Ha 
TaIMYeCKOH OaHe cHayasa 10 180°, noTom mocreneHHo fo 200° (B Kou6e). 
) BPeMA PeaKIUMH JBYMA NOPWMAMM MpHOaBAIOT ene BCero 2,5 r alleTaTa HaT- 
MA. Korga oTornasoch OKONO NOJOBMHLI paccuWTaHHOrO KOMMUeCTBAa BOI, 
MilepaTypy mocTemeHHo nogxHHMatoT Jo 210°. Tlocue Beienenusa BLISHCeHHOrO 
WIMYECTBA BObI (OKOIO 5,5 MJ) OpaHxKeBo-KpacHy10 Maccy OXa@kKJla1ioT 20 
O—110°, spiiuBatot B 200 Mu MeTaHouia H OCTaBJIAIOT Ha HOUb B XOJIOLMIBHHKE. 
JAHYKCBO-KEJTHIE KPHCTAJJIbI MPOMBIBAaIOT HEOOJIbIIMM KOJIMUCCTBOM XOJIOLHO> 

MeTaHona. Brixog 30,5 r (46%) cpiporo II, BnosHe mpuroguoro Aa nosmyue- 
ia I. U3 bunptpa BbieneHo elle HeMHOrO BellecTBAa, TaK YTO OONIMi BHIXOL 
BbMAaeTcA Wo 55%. T. na. 117°. 

6) Ananoruyno, u3 0,43 r A?%-rerparuzpodranesoro anruypusa (IV) (*), 
3 © denusiykcycHo KucsorTsI u 0,1 r OesBoquoro aleTata HaTpUA HarpeBaHHem 
mM 180—190° B revenue 20 MuH. nosy4eH TOT xe MposxyKT II. T. na. 117—118°. 
sx OUNCTKH CEIpoH I] BsO6anTbIBaIOT C TerIbIM pasOaBJIEHHbIM paCTBOPOM MeTH- 
Ta HaTPHA HM OCTATOK KPHCTAVJIMBZYIOT U3 MeTaHOVIa WIM MeTposeHHoro scupa. 
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Bene Kpuctatsbl, T. mt. 118°. . 
Hatigeno %: C 79,72; H 6,30 
Cy;Hy4O2. Brruucneno %: C 79,64; H 6,23 

Juokcum novgyuen u3 0,5 r Bemectsa I, 0,4 r NH2OH-HCl u 0,5 r 

CH.COONa B pa36apseHHoM MeTaHose. Beapie Kpuctaipt 0,25 r, T. mu. 260° 

(u3 MeTaHowa). 


Hattzeno %: N 11,014 
Cy;HigO2Ne2. Boruncneno %: N 10,93 


2-Metua-2-peun -4,5,6,7-TeTparuyponuaauguon-l,3 (V). Kuna- 
tat3r Jp 50 Mameranoviac MeTHaToM HaTpHs (u30,31 ruatpua) u 1,2 ma CH3J. 
YxKe yepe3 HECKOJIbKOMHHYTTEMHO-pHONeTOBaA OKpacka pacTBopa MIpeBpawlaeTcs| 
B OpaHxkeBylo. OxviaxkKeHHbI pacTBOP BbIJIMBalOT B BOY HM OCTAaBJIAIOT B XOJIO- 
jMWibHuKe. Bpimariive Kpuctasibl (3 r; 94%) nepeKpHCTaJJIM30BbIBaIOT M3 MeTa- 
Hoa (amu CH,OH + soma). )Kentble KpuctTamapl, T. m1. 94—95°. 

Hatigeno %: C 80,29; H 7,00 

CigHigO2. Brruucneno %: C 79,98; H 6,74 


2-MenuuurekcarugpouHAanAuon-l,3 (VI). a) lors ae 
AHO YKCyCHOM KuCCTe HarpeBalOT Ha KHMAelH BOAAHOH OaHe C WMHKOBOM 
TIbIIbIO JO TeX TOP, MOKA paCTBOP CO IMeNOUbIO GosbIUIe He LacT PuONeTOBOK 
okpackH (xapakTepHolt ja I), H BbIHMBAaIOT B BOY. Bewbti ocaqoK KpucTan- 


TaOamuna 1 
Mudpakpacuble ciekTpbl norJiomexHns 


y Were g 
CoequHeHue Pech oE Bele ee (| “ u * c=0 es ie 5 | 
a (pacTBopuTewb) . SW 3000—3700 cm-| 
4 yoSN 
2-Penua-4,5,6,7-Terpa- Tpepyoe ‘ 1693 (91) 6, B 
rHApounAangzuon-1,3 e 1633 (76) 1735 (48) 
(I) 1702 (82 
CH,CICHCI (82) As 
4-40— M sa 1638 (13) | 1745 (18) 
Sn ae TBepgoe a 1635 (76) rernnrent : 
5, 7-TeTparuypo- 
wHaHAMOH-1,3 (V) CHsCICHCl 1695 (93) va 
6-105 - 1637 (12) | 1740 (23) 
2-Menn ANH RAaHAVOH-1,3 Tpepjoe es vs i (a0) - 
CHCl, (18) Ni e 1712 
1748 
2-Metus-2-henus- Tpepyoe (4 1596 (68 = 1710 (91) — 
HH anmuon-1 ,3 ae Cs) 1747 (58) 
uokcum 2-cbenua-4,5, Tpepyoe 1608 (54 1651 (57 eh 
6,7-TeTparngpo- \ ” ee Fiat ieee 
HHAanAnon-1,3 - i PP 
3-Bex3ab-4,5,6,7-1er- TBepyoe a 1635 (75) 
parufpodraang, (11) 1660 (76) | 1756 (97) — 
3-Bexsanpbraauy TBepfoe 1608 (43) | 1660 (46) | 1778 (84) — 
2-Mennsrekcaruypo-: 7; ‘ : : 
SPEC os ROAD Bepjoe 1575 (80) nut.;} 1584 (85); feed a3) e esya 
CH2CICH2C1 + 1600 (44); | 1631 (62);} 1679 (42) r | 
+10% C,H;OH 
4.102 M | 


| 
IIpumMeywanue. a—caa6an nonoca oxono 1600 cm-l; 6—cna6aa nonoca fe 
3400 cm}; B—cuaT B uHTeppane 2500—3700 cm}; r — u3-3a NOrOWeHHA pacTBOpATe/ 
9TOT HHTepBadI He Obl WOcTyneHn. 
Bee chekTpb CHATbI OLHONYyYeBBIM NpHoopom HKC-12 ¢ npusmMoi us NaCl Bs 6ompunHcr 
Be CulysaeB B HHTepBae 1000—1760 u 3000—3700 cm-!. CnexTppl TBepaBIX BelecTB Novy 
VEHBI B lapacbHHOBOM Mace. SHaYeHHA NONOC JaHbl B OOpaTHBIX CaHTHMeTpax, B CKOOKa 
HX OTHOCHTCJIbHA HHTCHCMBHOCTh B aOCOpOMHOBHbIX Npowentax. 
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3yIOT H3 pasOaBJeHHOrO CMMpTa WIM apupa rekcana. Bpixoy Goer (2076), 
r, rt. 229—230° (u3 CHCls). 

6) 0,1 r I B cmupTosom pacTBope THpupyloT B IIpHCyTCTBHH CKeJIeTHOrO 
WUKeuIA M HeOosbIOrO KOMMUecTBa KJ. CnMpT OTTOHAIOT B BaKYYMe H ocTaTOK 
KpuctanusyioT u3 CHCl;. T. m1. 999°, c NOJITyYeHHBIM M0 a) He JaeT Jempeccuy 
TOUKH TJlaBJIeHHA. 


Hatineno %: C 78,79; H ee 
CisHigO2. Buruncneno %: C 78,94; H 7,06 


VUuctutyT opranuueckoro CHHTe3sa Nocrymuio 
Axayemun wayk JlarBCCP 7 IV 1961 
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Jlokxayn Akayemun nayr CCCP 
1961. Tom 139, Ne4 


B. M. TPA3HOB wv B. HW. WIMMYJIHC 


O MEXAHKM3ME TIPEBPALJEHHM WAKJIOTEKCEHA 
M WHMKJIOTEKCAJMEHA-1,3 HA NMJIEHKAX MJIATHHbI 


(Tpedcmaeaeno akademuxom A. A. Bananduneim 10 I 1961 ) 


IIpoweccbt nepepacnpesemenua Boxopora MexK]Ly MOJIeKyaMH OAHOrO Hu Toro 
*KE BEINCCTBA, HE COMP OBOMK LalolllMecA BbIeeHHeM Lasa, Obit B 1911 r. OTKPBITbI 
H B JaJibHelimem nospoOuo uceneqopanst H. JI. 3enuackum u ero ukKos0n (4). 
B yacTHocth, 6bl10 ycTaHoBseHO, 4TO IK oreKcanneH-1 ,3 C OOJIbLIOH CKOPOCTbIO 
mpeBpaulaetca 10 ypaBHeHH1o 


2CeHa=s'CaHy 2 Gries (1) 
a IIMKOreKCeH Topa3qo MefieHHee pearupyer m0 YpaBHeHHIoO 
3CsHio = CoH = 2C,Hi (2) 


Ha ocHopaHuu uMeBLMXxca Tora aHHbix A. A. Banangun (2) clenaa nonuir- 
KY OOBACHHTh OCOGeHHOCTH STUX peak c TIOMOULbIO MOJeJIeH, COracCHO KOTO- 
PbIM Ha OJHOM MIM [IByx — B cayyae peakuuu (2) — Tpunuerax IIpOHCXOLMT 
IpAMOH TepeHoc aTomMoB BoyOposa M@KTY MOeKyamMH. K BBIBOLY O IpaAMoM 
nepenoce Bosoposa pu mo3xe JImucten u ero COTPyAHUKH (*), B TO Bpema 
Kak H. A. Ilernopa u M. A. Karau (*) cuwTamm, 4ToO nepepacnpeyenenne Bojo- 
Poa B WMKJIOPeKCeHE COCTOHT 3 PasJeIbHbIX CTaluti AeTHApHpoBanud HM ruspu- 
poBaHua. 

B cBa3H C HaJIMYHeM HeCKOJIBKHX IpeACTaBJIeHH O MeXaHH3Me Mepepacupe- 
ACICHUA BOROpOMa XesaTebHO MOMYYATS TO BO3MOxKHOCTH HeMOCPeCTBEHHO | 
PackpbIBarouMe ero janHble. Hactosuee coobileHue mocBseHO pesyubTaTamM | 
H3Y4eHHA TIpeBpaleHuH WHKJoreKkcena uv WuksJlorekcaquena-1,3 * npn 20° wa 
MWICHKAX IaTHHbl, IJICKTPOMPOBOLHOCTh KOTOPEIX H3MepAIaCb B XOJ€ OMbITOB. 

Metojuka 9skKcnepuMeHtTa He oTmMuanach oT HCHOJIb30BaHHOH B padoTax 
(220) serie Opit0 NOKa3aHO, YTO acopOlHA CeHsoIa, WMKMOreKcaHa, WHKOreK- 
ceHa HW WHKNOreKkcayuena-| ,3 MoxeT OBITS NoApasilejeHa Ha MpOUHyIo, He yause- 
MY} AJMTCIbHOM OTKayKOH fo 1-10-? mm mpu 20°, u oOpatumy. IIpu neppom 
BIYCKe Ha CBeXKeIIPHTOTOBJICHHY!O IIIeHKY TWIaTHHbI Bce Ne€peyuCJIeHHble yrvie- 
BONOPOb! acopOupytoTcs NpouHO u MpH 3TOM AervApupyrotcs. Ocobenuo Oovtb- 
HIME KOJMNCCTBA BOLOPOMa BHIAEAIOTCA TPH MpoaHoti alcopOunH WHKoreKcena 
M IWMKJIOrekcaquena. 

O6patumax ajcop6uua 6eH30Na u WHKJIOreKCaHa He COMpPOBOXKLaeTca Jerns- 
PHPOBaHHeM, a WMKJOreKceH M IuKIOreKcalueH TepHAIOT BOAOPOR ake B STHX 
YCJIOBHAX, HA 4TO YKa3bIBaeT MOABJIeHHe B aJ\COpOMMOHHOM cocyye raza, KOTO- 
pbIH He KOHJeHcupyertca pH TeMMepaType X%KHAKOFO a30Ta HM B ONHCbIBAeMbIX 
HWKe ONbITAX THApMpoBadl WukKsorekcen. Vi3menenua SJIEKTPOMpOBOLHOCTH 
NJCHKH Tp OOpatuMol aqcopOunn wuksoreKkceHa TaKxKe oOHapyxKUBaIM Hasn- 
une Bosoposa. CieqopatebyHo, BbIeneHue BOWOpola B pesyJbTaTe MpouHolt ay- 
copOunu GeH30Na H WuKOreKcana Ha NJI€HKaX TJIaTHHbl OOYCOBJeHO XeMOCOp6- 


* Koucrantel ncnomb20BaHHBlx yraeBoRopowosp —CeHyo T. Kun. 82,5°, Gs 1,4448, 
a? 0,812) Cost. am 78,5 /740 mm, n® (14,4740 — YROBJCTBOPHTeIbHO CordacoBpamuch ¢c 
MMTepaTyPHBIMH KaHHBIMH (°)—CeHyo T. Kum. 83°, n> 1,44507, d?° 0,8102; CsHg tT. Kun. 
80,5°, 29 14,4744, 
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well, ABCIYYaAX WMKOrekceHa HM WHKJOPeKcasMeHa ABACTCA KATAIMTHYCCKUM 
poleccOM, KOTOPbIii IIpOHMCXOMUT IIpH BIycKe MapoB MWocse OTKAYKH IWICHKH. 
Ecav nepvoyvuecki MmpepbipaTb noyayy MapoB WukMOrekceHa WIM WAKJOreK- 
aylMeHa M BbIMOpaxKUBaTb Mapbl yrmeBosoposa U3 rasoBol (a3sbl, TO MOXHO 
OuapyXKUTb, 4YTO KOMMYeCTBO OOpasOBaBerocA BOMOpOa MpOXOAHT yepes 
lakcuMyM. B wacTHOCTH, Cc WHKJOreKCeHOM 6bla WomyueHa KpuBaa | puce. |, 
/KpuBad 2 1OKasbIBaeT 3aBMCHMOCTb OTHOUICHHA KONMYECTB MOJIEKyJ BONOpONAa 
1 uuKkmorekcena Ny,/Nc,u,, OT KOMMUECTBA BITYIMLCHHBIX MOJeKYJI WMKMOreKceHa. 
Me3yJIbTATHI OMLITOB C WHKIOreKCaMMeHOM Obl aHaJOrMuHbl, HO BOOPOa BbI- 
leAeTCA IIPHOMUSHTebHO B 2 pasa MeHBIIe, 4eM Mp af\copOlHH COOTBETCTBYIO- 
mero KouMYeCTBa IMKJIOreK- 
‘eHa. Tak, mocjie Bilycka 
1-10!" mMonekys WHKJOreK- 
eHa Ha IWICHKy, COepxKa- J 
nyto 3,5 -104° aromos naTH- 
ibl Ha 1 cM”, JaBseHHe BBbI- 


NeIMBIIerOCA BOMOpOAa co- es y Dy = 

E93 = > 
sraBusio 2,5-10-3 mm. Jina ze, = 
MOCTHXKCHHA OM3KOrO aB- ] 05= | 


neuusa (2-103 mm) notpe6o- 
Baloch BiycTuTp 2,1-10'" 


MOIeKYJI WK sorekcayveHa F a 00 
Ha Ty *e MueHky Tocwe ee Ni ih ae 
OTKauKH. 60 


Jia BbINCHeHHA MIpH4HH Puc. 1. 3aBucuMocTb KouMuecTBa o6pa30BaBllerocaA BO- 
yMeHbIUIeHHA OTHOIUeCHHA Aoposa Nu, (1) H oTHOWeHuA N u,/N cH OT KOJIMUeCT- 
Nu/Nou, © yBeiwueHvem 54 uuKksorexcena Noy, BMyileHHoro B cocy Cc MmeH- 
No,u, UpOBoyulach cepHA Ko (2) 

OMBITOB, B KaxK]OM H3 KOTO- 

prix 2,8-10'° money WuKsorekceHa BITyCKaJIHCb C TIOCTOAHHOH CKOPOCTbIO 
14-10% monexyn/MuH B cocy], Cc IMe€HKOM M1aTHHbl, comepxKalllMH passM4HbIe 
KoMyecTBa BOJOpoLa. PesyMbTATbI OMbITOB C MVICHKOM MOTHOCTbIO 2,2 -10'® aro- 
mos Pt na | cm? npencrasmentt B TaGn. 1. [lepex BceMu ONbITaMH, KpoMe ylecaToro, 
cocy], OTKauMBaJICA JO OCTATOUHOFO TaBseHHA oKxovi0 ‘5 - 10-7. 

Onpiter NeNe 1, 2 noKa3bIBaloT BOCIIPOHSBOAUMOCTh MpolenTa AerHApMpoBa- 
Hua tuKsorexcena. 13 ontitos NeNe 3—10 BuyHo, 4TO pu ONpeAeJIeCHHOM KOVIH™ 
uecTBe BOJoposa B aslcopOlMoHHOM cocye, KoTOpoe B AaHHOM CJy4ae 61H3KO 
K 7,9-10!® monexya, Bryck 2,8-10°° momekym WuksorekceHa He IIpHBOLUT 
K BbIleseHMIO MIM Morsonenmo Bosopota. Ec xe Boylopofa MeHbINe MIH 
6oulbile 2TOTO KOMYeCTBa, TO pH BMycKe WMKMOreKceHa BOAOPOA COOTBETCT- 
BeHHO WIM Bbilerserca, uu mormomjaetca. LLuksmorekcaqueH TaKxe croco6eH 
He TOJIbKO JerHpupoBaTEea, HO H FHpMpoBaTLCA Ha IWeHKe MaTHHbl UPA 20°. 
Tak B OJHOM 3 ombIToB mocme Briycka 1,5-10'% momeKy. WuKsJoreKkcatucna 
jlaBsleHue BOLOPOAa B allcopOWMOHHOM cocyje C IWIeHKOM MJlaTHHL yBeJIM4HJIOCb 
¢ 8-10-4 n0 2-10°3 mm, aB TOM Culy4ae, Kora AaBeHMe BoMoposa Hay TOW Ke 
caMoli MWIeHKOM cocTaBAAIO 10 HaTeKaHHA yrseBosopoka 1,2-10 mM, mocae 
prycka 2,0 - 10!” MomeKya WuksoreKcanueHa OHO MOHU3HIocb o 9-10° MM. 

QTM pesybTATbl MOKAa3bIBaIOT, YTO Ha MWIeHKAX MaTHHbI TPH 20° ojHoBpe- 
MeHHO IIPOHCXOAAT THApupoBaHHve M AervpupoBanue Kak WukslorekceHa, TaK 
4 WuKuorekcaguena. IIpu Biycke mepBbIX MOpItM STUX yrsIeBOLOPOAOB mpeod.1a- 
jlaer JeruApupoBaHue, a Mo Mepe HakoMJeHHA BOOpona MOBbILMaeTCA CKOPOCTb 
THipupoBanHuad. Ec Obl CKOpOCTH STHX MPOMeCcoB CpaBHAIMCb, TO KO/IM4eCTBO 
Bofopowa B cocyye, MOCTHTHYB HeKOTOporO SHaycHH®, He MeHssIocb Obl pu 
- JaibHelleM MocTyMIeHHu yruleBoxopona. Ho B jlelictsuterbxoctn (cm. puc. |, 
‘kpuBylo /) KomMuecTBO BOLOposa MpoxosuT yepes MaKCUMyM. CuleqOBaTeJIbHO, 
OTHOMIeHMe CKOpocTeli rH{pupoBaHHA M erHApHpoBaHnun yBenuuupaetca. OO 

3TOM 2Ke CBUJICTEIbCTBYIOT Pe3YJIbTATbI OMbITOB NoNe 7—10 (ra6a. 1). B onbitax 
NoNe 7—9 noTpe6enHe BOLOpOsa 3aKOHOMEPHO yOpilBasio C YMeHbUIeHHeM HCXOM- 
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Horo KomMuecTBa BOOposa, aB onbite Ne 10, rie Jomm«ua Obiia Obl HaOMOLaThe: 
JlaibHelitiaa yObuIb, Mpow“sowen poct noTpeOmeHua BonOpoga. Kak yxxe yOMHy 
naslocb, nepen onbitom Ne 10 He 6bliH OTKayaHb! MpOAYKTHI onbiTa Ne 9. 

EctecTBeHHO IIpeMMOJOKUTb, TO HaOOMaeMoe IPH ONpeeeHHbIX KOJIMYUE 
CTBaX YIvIeBOLOpOLOB mpeocbalanue CKOPOCTH THAPHpOBaHHA IWMKJOreKCeH 
WIM WKsIoreKcalMeHa Haj, CKOPOCTbIO JervpHpoBaHnuA OOycMOBeHO u3O0upa 
T@bHOM OJOKHPOBKOH TeX yYaCTKOB NOBeEPXHOCTH NJIeCHKM, Ha KOTOPbIX UI 
jleruipupopanue. Jleruipupopanve u THApHpOBaHve MpoOuCXosAT pH oOpaTH 
MoH ajcopOllMu WMKOreKceHa WIM WMKsoreKcayMeHa, Kora MaJIOBepOATH 
peak JelMKIMsaluN uw Kpekuura. B sTHx yCOBHAX YCTOMYMBbIMH NpOsykTa: 
MH IipeppalleHHuA MOFyT ObITb TOJbKO 6eH3OJI M WMKWJOTeKcaH, KOTOpble pH 06 
paTHMoli allcopOuuu Ha MvieHKax MaTHHb npu 20” ne Aeruapupyrotca. Ilpeyctoa 
JIO BBIACHHTb, KaK BUIMAeT HX IIpHCyTCTBHe Ha COOTHOIWEeHHe CKOpocTe ruz- 
PHpoBaHHA HM AerHApHpoBaHuA WuKsJOreKceHa. 


Ta6auna ft 


Vismenenua KomMuecTBa BOJOpOosa B cocyye c MeHKOH nocne Bnycka 2,8-10'° Monexya 
luk JorekceHa 


NNe: OMBITOB 1 2 3 4 5 6 7 8 9 10 
dio snycka 0 0 2a 6,3 38,0 7, Qawali [aaza" 305d 29,8 | 
Tlocne snycka 2a wal AG 4,1—0,4 0 —4,1 -—2,5 —1,0 —2,5] 

Ta6auma 2 


Ipespamenua WHKJOrekceHa Ha WieHKe NJIaTHHb] B MPUCyYTCTBHH WHKJIOTeKCaHa U 6eH30.1a 


jlaBreHue 


& Tlapnenue ; g © & = 8 © 
: z mapoB, MM = 2 = & i apoB, MM 2 iy g L 
e| TE 2] | gf [6] Te ieee 
re | GH | GH. | oO > | 2 | Gla GH MEM tte 
2/25 pales Ce PePMIES cls See ce 
4 Then! — —_ 2,8 lane Oe 2iliedeal a eeu ed Ome — 2,6 | 15,6 | —0,8 
2 9,8 — — 2,8 9,8 0,0] 6 | 15,6 — |3,1-10-2| — | 15,6 0,0 
| — a 2,8 | 16,4 |—0,8]| 7 | 15,6 — |3,4-10-2}2,8 | 13,3 |—2,3 
AN 41654 2 1052|\5r— j= 14654 OHOR tort) aleycs) — — 2,8 | 12,8 |—0,5 


JIA sto We Obi MpOBeLeHbI OMbITLI, KOTOPble OTMMUAIMCb OT MpezcTas- 
JIGHHBIX B TaOl. 1 TeM, YTO B COCyJe C MIe€HKOM MaTHHbl CO31aBaJOCcb opene- | 
JIeHHOe JaBleHHe BOJopoya, 3aTeM — MapoB WHKJOoreKcaHa HIM OeH30N1a H 
TOJbKO ocle STOTO BITycKaJIMCb Mapbl WHksoreKceHa. Pe3ysibTaTbI ONbITOB 
cBeeHbI B TaO. 2. IlepBbie Tpv ONbITa NOKa3aJIH, 4TO CIM KOMMYeECTBO BOJOpora 
mpeBbiuaetT 9,8 - 10'® monekys1, TO npeoOagqaeT THIPHpOBaHHe WHKIoreKcena, 
a IIpH MeHbIUMX KOIMYeCTBax — JeruApupoBaHve. M3 ontiros NeNe 4 u 5 cue 
AyeT, YTO IWHKJIOreKCaH He H3MCHACTCA IIPH STHX YCJIOBHAX HW He BJIMAeT Ha Mpe- 
BpallleHud WukJioreKceHa: ANy, OfHHaKOBbI B ombiTax NeNe 3 u 5. Bex30m He 
rufpupyetca (cm. onpit Ne 6), HO pe3KO yBeJIMYMBaeT COOTHOIIeHHE CKOpocTeili 
THApHpOBaHuA MW Jeru{pupoBaHuA WuKsioreKceHa *. ITO NO3BOAeT OODACHUTh 
aHaJIOTHUHbI sddekT B onbite Ne 10 Ta6n. 1 ancop6uneli Geu301a, o6pa30BaB- 
meroca B ombire Ne 9, Ha yuacTKaX NOBepXHOCTH MVJIeHKH, Te OCYINeCTBIAeTCA 
AervpupoBanne WHkKJorekcena. OTKauka NpOAyKTOB peaKWHH HJIM CHelHabHO 
BIIYULCHHOTO O€H30/1a IPHBOAUT K OOLIMHOMY COOTHOMIeHHIO CKOpocTeli rHApupo- 
BaHHA MW JerHApMpOBaHHA, KaK BHAHO M3 OnbiToB NeNe 1—9 Ta. 1 uw u3 cpaB- 
HeHHA Pe3yJIbTaTOB OMbITOB NeNe 2 u 3c Ne 8 tTa6n. 2. Bo Bcex STHX oMnbiTax 
AN, 3aKOHOMepHO yMeHbulaeTcA C yBenuyeHHem Ny, . 

EcaM lpeliowKeHHoe OObACHEHHE BeEpHO, TO pH HenmpepbIBHOM yjlameHuH 
NpOLYKTOB peakIMH BOMOpOa H3 WHKJOFeKCeHa JOJKHO BbIeATHCA OovIbIIe, 


* 
ConpsxkeHHoe ru~pHpoBaHve 6eHs0ua 3a {CueT WHKOreKCeHa MaJIOBepOATHO B CBeTe 
pe3yJbTaToB paGotpi (3). 
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“i B ONMCAHHBIX BbILIe IKCMePHMeHTAXx. Jaa mpopepkn Obl MpoBexeHbl pa. 
“ra C OMHOL TWIeHKOM, OAMHAKOBbIMH KOJIMYeCTBAMH Bosoposa B aylcopOunoH~ 
mM cocyfe, a Takyke CKOpocTAMH H JWIMTeIbHOCTAMH BMyCKa MAKNOreKceHa. 
flepBOM OMbiTe, Kora BCA CucTeMa Haxoluach mpu 20°, MaKCHMaJIbHOe aBm 
Hue BOLOpoa cocTaBusio 2 - 10°? mm; BO BTOpOM — OTPOCTOK, HaxOAWLMUCA 
O10 aCOpOMMOHHOTO cocyfa, OxaAK MACH xKuKuM asoToM. Hapsyly ¢ Mmpo- 
KTAMH PeakUWH, B OTPOCTKE KOHACHCHPOBAs ach WM WaCTb BIyCKaeMoro IMKJIO- 
KceHa, HO HeECMOTpA Ha STO AaBJICHHe Bofopoa mpeBbicusio 2 - 10°? mM 4H 
ofloubKaIo pacTH. CieqoBaTeJIbHO, MPH HeIpepbIBHOM YAaJIeHHU C IWICHKH 
ATHHBI OeHs0sa, OOpasyloleroca IpH AerHApupoBanny iwukulorekceHa, THocwel- 
i Mpollecc elicTBUTebHO AOMMAMP CT Hal, TuApHpoBaHHeM. 

Visnowennoe noKasbipaeT, YTO Ha MvIeHKAaX niaTuHbt mpu 20° o6Hapy2KeHbl 
oecchI erupHpOBaHUA MU THApHpoBaHnnA WukKsIorekceHa H IWMKsoreKcasHe- 
-1,3. Tipu Masibix jaBJleHHAXx mpeoOalaeT erHApHpoBaHue. HaxkonueHue 
lopowa HW OeH30N1a, KOTOpbIt OOKUpyeT IIpeHMYULeCTBCHHO AKTHBHbIe IeHTPbl 
THLpOreHW3allMH, MpHBOAMT K TOMY, UTO CKOPOCTh eruApHpoBaHHA yObiBaeT, 
CKOPOCTb THApMpoBanHA BospactacT. Tostomy ¢ yBesIMueHHeM aBsIeHHA HeHa- 
jleHHOrO | yrueBosopowa cofeprkanue BOHOPora B ra30BoH (pase yMeHb- 
aeTCd, HW COCTaB MpokyKTOB peakiluM BCe TOMHEE OMMcbIBaeTCH ypaBHeHHAME. 
) u (2), XOTA OHH He OTpaxkaloT USyHeHHPIX npespamenui. [na BbiicHeHAA TO- 
), MpOMCXofMT JIM Hapsyly C HUMH TIpamMoit mepeHoc BoOOpoda, HeEOOXOH- 
) cielWasibHoe HccJIeqOBaHHe. 4 


MockoscKHit rocyapcTBeHHbIi yHHBepCHTeT TloctymuJio 
9 1 196le 


um. M. B. JlomoHocoBa 
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Worsage Axagemun.nayr CCCP 
1961. Tom 139, Ne 4 


Axayemuk B. A. KAPPHH uf. I. AHJPHAHOBA 
O BOSHHKHOBEHHN KPYNHbIX MUKPOCKOMNMYECK UX 
OBPASOBAHHH B KPHCTAJIJIAN4UECKOM NOJIMMPONKJIEHE 


B OoJIbuIHHCTBe OmyO6/IMKOBaHHEIX B HacTOUee BPeMA paooT usyyeHHe Mp 


HBIX PaCTBOpax, JIMOO B TOHKHX MWIeHKax, re Ha XapakTepe oOpa3yromlnx( 
‘CTPYKTyp He MOM He CKasaTBca JByMepHEtii XapakTep meHkKu. Ho nanu6omputy 
HHTepec MpeACTaBaeT, MO-BHMMOMY, HcceqoBaHue KPHCTaIIMYeCKUX opi 
BOSHHKAIOUMX = HENOCPeACTBEHHO B OsOKe MO/MMepHOrO BeIIeCTBa, 4YTO HMel 
OO/IbIOe 3HAaYeHHe WIA Tpoleccos (opMupoBaHHA Hu Mepepaoorku TOJIMMepHb! 
MaTepHasioB. B stoM HalpaBseHuH padoTH BeNUCE T'vlaBHbIM O6pa30m No AHH 
SACKTPOHHOMUKPOCKONMYECKOTO HMCCJIENOBaHUA TOHKOE cT t 
‘CTeH pasOMa KpHCTaWIMUeCKHX MOJIMMepos (*~*) 4 TombKO B CaMoe Toc eq HE 
‘BPCMA MOABHJIMCh YKa3aHHA Ha CYIIeCTBOBAHHe B Macce MOJIMMepHOrO BerkecTE) 
BIOPHUHBIX CTPyKTyp MUKpocKonMyuecKHx Pa3MepoB, BHIABJIAeMBIX B MIporecc) 
‘TPaBJleHuA Cpesa OIOKa NOMMepa TWOXUMH pacTBoputensamu (°,°), 

Hactosmaa pa6ora nocpsena u3y4eH 
‘MSOTAKTHYECKOFO NOJIMIPONWeHa, BO3HUKaIO 


PYKTypbI loBepxHt 


HUA O4€Hb KpyHBIx (40—200 p B 7MamerTpe) 
Typ Tuma chepoumTos, o6naqatonnx APKO B 


ccbepHueckH-CcHMMeTpHUHBIX CTpyK) 
(puc. 1 u 2).Takum 06pa3oM, Ipu oxlaxKeHun 


BIP@KEHHBIMH TpanuaMu pasgem\s 
Paci 1aBJIeHHOH HOJMMep How MaccHy 


MOJICKYJIAPHbIX lene, a B Tipolecce ox 
CTpoHKa 9STorO nopsalKa, 
ase. 


' 
ef 
! 
i 


} 
| 
} 
| 
; 


qHUUAbIe KpucTassb. Ho valle Bcero Npolece KPUcTaMMsallHu B MOJUMepax 
ycriepaeT JolirH 10 OOpas0BaHUA MOHOKPHCTaJVIOB, a OCTaHaBAMBaeTCA Ha 
pasOBaHHM MeHee COBEPIICHHbIX BTOPHUHbIX cTpyktypeepountos. Odpa3o- 
Hue CcbepOUTOB MpeAMOUTHTebHee C KHHETHYCCKOM TOUKH SPeHHA, u60 9TOT 
ollecc TpeOyeT MHHUMAJIbHOM TepecTpOHKU MaJONOABMxKHOM CTPyKTyPbl KPH- 
wiMuecKoro TomuMepa. Mb BHAMM Ha OCHOBaHMM aHHOM paOOLpl, YTO 


Puc. 1. Muxpodotorpadua moBepxHOCTH pa3vloMa 6l0Ka MOJHNponveHa, 3akpHCTAaJJIH- 
30BaHHOrO MIpH MejVWIeHHOM (B TeueHHe 24 yac.) oxaxeHHH u3 pacnasa oT 180 70 100° 


2 
” 


’ Puc. 2. Muxpoctpyktypa noBepxHocTH pasaAnpa 60Ka MoswMMponusena, 3aKpHCcTa- 
* nH30BaHHOrO pH GpIcTpom (B TeueHHe 2 uac ) OXMAKTCHHH H3 pacnlaBa OT 180 no 100° 
F ¢ MOCMeLYIOMMM BbIZepNBaHHeM MIpH sTO Temmepatype B TeveHHe 6 ac. 


|PUCTANMM3aILUA B KOHJCHCHPOBaHHOM (ase MOJIMMepa MOET MPHBOAUTD K o6- 
@30BaHHIO OY€Hb KPYIIHbIX CiepOJHTOB. 

CneyeT, OfHako, OTMeTHTb, 4TO Np KpHCTaM3 all MOMNponHsieHa 
‘610Ke Hapayy c OoubUIMMM cepoNUTHLIMU CTpyKTYPaMM BO MHOPUX CJlydaAx 
[PH pasiM4HbIX Temilepatypax KpuCTaIM3alMH HaM ylalocb HaOs0LaTb OYeHb 
py mHbIe (cpime 200 1) MpaBHJIbHO OrpaHeHHble OOpasoBaHuA, He oa arouine 
laMasIbHO-CUMMeTPHYHOH (opMOH CiepouIMTOB HM HanOMMHAaIOUlMe MO BHCIUIHEMY 
My eluHMyHBIe KpucTasbl (pc. 3). PesysbTaTbl HCCeLOBAHMA MOAOGHBIX 


yKTyp OylyT NpesMeToM Cue, ytOulnx coo6nleHHuit. 
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Jlit BbIACHeHHA BUIMAHMS TeMIlepaTypbl KpMcTaHsalyy Ha sCTPYKTS 
oOpasoBaBMIMXcA CepOMTOB ObINO IIpOBeeHO HCCeOBaHHe BEDE p im 
3AM TOMMMpONMeHa B WHPOKOM MHTepBase TeMHepaTyp. DbiIM (3am ag 
cleyIoulwe 3aKOHOMepHOCTH: sort 0 

i B 3aBHCHMOCTH OT TeMMepaTypbl KpHCTAaJIM3 an meres u3Me 
HUA B pasmepax ciepomuToB. B oGsacTH TemMmepaTyp 130— o6pa3yi07 


Puc, 3. MukpocTpyKTypa MopepxHOCTH pa3/ioMa 60Ka MOMHNpOnHeHa, 3aKaJIeHHCTO U3 P| 
mapa B XKHKOM a30Te. BUH! KPyIHble OOpas0BaHHa THMa CMMHHUHBIX KDMCTaNOB 


ccbepOuINTEI, [[MaMeTp KOTOPBIX JocTuraeT BeMUMH MopatKa 40—100"p. Pasme®. 
ccbepOvINTOB, MOJYYeHHEIX pH Temmepalypax KpucTanavsaunn BOOnacTH 10(%, 
YMeIOT B AMameTpe 160—220 pw. Kak Buguo u3 puc. | 6 u 2, cchepomMTst 06, a 
latoT APKO BbIPAKeHHLIMH TPaHHaMu pasjevia. | | 
2. TemmepaTypa KpHCTaJJIM3alWH OKa3bIBaeT BJIMAHMe TakyKe UW Ha CTP 
Typy ccepounrTos. Ilocuequne, noszyyeHuble mpu Temnepatypax Bpuue 100 , 06 he 
la1oT ryiacTHHuaTEIM cTpoenuem. IIpu mepexoge k Temmepatypam Huxe 100° ny 
HCXOJMT H3MeHeHHe IvlaCTHHYATOFO XapakTepa JJIEMCHTOB CTPyKTypbl cepowu 
B (HOPHJAPHBIM, BIVIOTh JO NOTHOTO BbIPOKMeHHA CPepOJMTHbIX oope 
30BaHHi B CHCTeMy TlepellyTaHHbIx duoOpH. 
Kpuctanmuueckaad CTpykTypa MOJMMepHoro BelllecTBa, NO-BHAMMOMY, OW 
SbIBaeT OOJIbINOe BIIMAHMEe Ha XapaKTep pa3pyllieHuA MOJMMepHOrO MaTepHad) 
IIpH XpynkKoM pa3JioMe OloKa NOMMNpONMMeHa NPM Ha/M4YAHM KPyMHbIx OOpag 
BaHHH pa3spyWleHHe, BO3MOXHO, MpoTeKaeT MO rpaHHaM KPHCTaJIMYeCKHX 4 
peu. YBeMueHHe pasmepos ccepOJHTOB JOIKHO B TaKOM CsIy4ae COMpoBOK La) 
CA S3HAUHTCIbHBIM MOBbILIeCHHeEM XpyMKOCTH MaTepHasa. B camo Jleue, oOpasi} 
NOJMMPONMJeHa, B KOTOPbIX CiepOsHTbI AOcTuTaioT BeHYMHE! TopsALKa 200 | 
paspyllaloTCA 3HaYHTeJbHO Jlerue OOKOB, COMep*Kalllux Goee MeJIKHe KPHCTAa) 
JMmuecKHe OOpasoBaHuA. Ho Bo MHOTHX CJIyyanX pH ylapHo AecbopMalun mp 
UCXOAMT M paspylienve Camoro cibepomuTa HM Tora OOHapyKuUBaeTcA M1ACTH 
yaTbId XapaKTep SJIEMEHTOB e€FO CTPyKTYpHI. | 
Takum o6pasoM, HaMM HOKa3aHO, 4TO MIpowecc KPUCTAJWIM3allMH M30TAaKTy 
YeCKOrO TIOJIMMpONMJeHa B KOHJeHCHPOBaHHOHM tase MOxXKeT pacipocrpaHsATbi 
JO OOpasoBaHUA OUCH KPYMHbIX CPepOMUTOB UH [axKe CLMHMYHLIX KPHCTAJJIOB 
4TO PasMepbI H XapaKTep 3JIEMCHTOB CTPYKTYPbI C*bepOJHTOB MeHAIOTCH C H3 
He€HHeM TeMlepaTypbl KpHcTaM3anHH. HecoMHeHHO, YTO NOMOGHBIe KpHCTaI 


gecKHe o6pa30BaHHuA OKa3bIBalOT CYULeECTBCHHOe BJINAHHE HA CBOHCTBa TOJIMMe 
HOrO MatTepHaJla. 


WuctutyT nedrexumuyeckoro cuHtesa Toctynuo 
AkajlemMuH Hayk CCCP 12 IV 1961 
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Jloxxagn Akagemunm HayKk GGOCE 
1961. Tom 139, Ne 4 


XHMHA 


p. r. KOCTAHOBCKHMH 


tAKWAA 3TMJIEHHMUHA C KAPBOHHJIbHbIMH COEXAWHEHHAMH 
(IT pedcmasaeno axademukom H. JI. Kaynanyem 18 I 1561) 


Ha ocnopanun anHErx Jloru c CoTpyAHHKaMu () B uTepaType CJOxAHJOCb 
JecTaBeHHe O TOM, UTO STHICHUMHH C asiberuaMu HW KeTOHaMH B MsATKUX 
IOBUAX MaeT OKCA30JIMAMHEI. 

B mpelbinyulem coooileHuH Hamu 
(bopmMasblerHom 


’ | 
) 


6blia onucaHa peakilnA STUJIGHHMHHA 


[SNH + O= CH: | >N—CH.—OH 4 SN = CH. NC 
(1) 


lecMOTpA Ha Coviee BbICOKYIO TOJAPH3 allHto KapOOHMJbHOM PpyMMbl B popMavib- 
arue MO CpaBHeHHIO C KapOOHHJIbHBIMU Coe MHeEHMAMH, W3V4eHHBIMH B (*), 
aM He yiaslocb HaOs0/aTb oOpasoBaHhe OKCasO/IMAMHA. 

OHOBpeMeHHO C nyOsMKallwel Haller padotpl (?) Pusviep 4 Jiugak cooommiu 
TOM, 4TO MpOyKTbl B3AUMOMEHCTBUA STHJICHHMMHA C allberHtaMu, OMMCAH- 
pie JloTw Kak OKCa3O0JIHMHbI, M10 XMMM¥eCKUM M (M3HKO-XMMHYCCKHM CBOHCT- 
aM COOTBETCTBYIOT .-aJIKHJI-N-MeTHJIOJOTHCHHMAHAM (mpoHsBOHbIe 3HHMMH- 


“\\N — CH — OH zs 
mel (°))e > l SO MHJLYKIMOHHONOJIOMKUTEbHBIN SAMCCTHTENID. 
R 


B nacTosulel paboTe mokasaHo, 4TO TAKOH THI B3AMMOJeHCTBHA PacmipocTpa- 
IseTCs HM Ha KApOOHMJIbHble COCAMHeHHA C CHJIbHBIMH MHLYKIMMOHHOOTPHILAaTeJIb- 
IBIMH 3aMeECTHTeJIAMH (XJ1Opab, rekca@TopalleToH, JMSTHIOBEIM Sup Mes3- 
)KCaJleBOH KHCJOTHI), H, TaKHM o6pa30M, ABJIAeTCH OOmIMM WIA wBcero pxAsa 
sapOOHHJIbHbIX coelunenns. Vsyuennple peakiun TIpeCTaBJIeHbI Ha CXEMC: 


8 
So lan r) 68 @ 8 
Din + O=cH —- C&C (SN*CH-OH =~ EN-cH-0 


{ 
c#a, ' CCl; 


Fa ry | Cs) 
She o=ch on (NG OU N= G=50.7 
ie) | Fa: ya® | 
C=eF; Caers” an) C=F; 
{ 
Se) Co mo) 
: LOCH. ee, (é SOC H: 
s ry 3® e | 
Dix a 6=cge —~ (Knc OH = [x-¢-0® 
OCH 
C—OC,H, C—OC,H; fq Otats 
S S O 
eS a 
(IV) 


| a-Tpuxsopmetu-N-MeTHJONSTHCHHME (a-TpuXJOpMeTHISHHAMHH 11); 
‘a,a-6uc-Tpudt opmeTH-N-meTHJIOJSTHCHUMAH (a.,a-6uc-TpudpTOpMeTHJISHHH - 
mun III) u a.,a-6uc-Kap 6sToKcu-N-MeTHJIOJISTHICHAMHH (a ,a.-6uc-KapO3TOKCH- 


gunumun IV) — Gemble KpHcTaIMuecKHe, JIerKOBOZrOHAIONIMeCH B BakKyyMe 
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BeuectBa. I] mpH JWTebHOM XpaHeHHH WJM HarpeBaHHH xe JITeeT H pa 
ylaraeTcs C BbieIeHveM XsopotopMa uM OOpasoBaHHeM BASKON CMomBI. ITpomec 
110-BHJUMOMY, OOYCJIOBJIEH CHOHTAHHBIM FaJloPOpMeHHbIM pacakoM H MOJIMM 
pusaueli oOpasyiomeroca N-dopmusstuienumuna. II] np XpaHeHuu He H3Mi 
Huaetca, 1V — weuTeeT M pa3ssiaraeTcs. 

Crpoenne II u III goka3aHo ugenTudukallve MpodyKToB. ralodopmMeHHo 
pacnagla no JelicTBvem UleJIO4n: 


NaOH 
II pane » NH + CHCl, --- HCOONa, 


NaOH ~ 
ll jalan ys NH + CHF; + CFsCOONa. 


Crpoenne II, III u IV nogrsepxpeno TakxKe HHpakpacHbIMU eneKTpaMu 
(puc. 1), KoTOpble xopowo cooTBeTcTBy1oT N-3aMelleHHBIM STHJIeHHMHHA (77), 
B otMuwe OT paHee OMMCaHHbIX METHJIOJIbHbIX MpOW3BOHbIX ITHJICHAMHHA F 
cnextpax II, II] u IV umeerca mupoKaa nmomoca c MakcuMyMoM 2994 cm~*#§, 
XapakTepHad Jd WBUTTepHoHa. MHTepecHO OTMETHTb, YTO YCTOMYMBOCTb ayK 
TOB MOIMraNOWU{KapOOHHJIbHbIX COeCHHEHHM C AMMHAMM CYILECTBEHHO 3aBHCH 
OT OCHOBHOCTH MocmeqHUX. Tak, c amuHamu (Ka 107? — 10-*) angyxTst HeycTon 
YMBbI H MOBep2KeHbI CHOHTAHHOMY ramocpopMeHHOMy pacniazy (°-’). C ammuaKo 
(Ka 1,79—2 - 10-°) annykTbI ycTOMUMBEI (XJIOpasIbaMMHakK) HW, HAKOHEL, C aHH4 
HHOM (K_5,3 - 107°) nepdbroprentaHoH B MATKHX YCJIOBHAX BOBCe He B3aHMO-f 
meictByet (°), a rekcacbTopalleTOH B KeCTKHX yCJIOBMAX JaeT NpOLyKTbI Nepe-| 
PpyMMupoBKH rekcapTopv30nponanoMbHOrO OcTaTKa B WK (°). [lostomy ycTo- 
yuBocTb II u II] MoxkHO OOHACHUTD ONTHMAJIbHbIM 3HAYCHHEM OCHOBHOCTH 93TH- 
seHumuHa (Kq 0,81 — 1,0 - 10-°). Ilo-Buqumomy, B CBA3M C STHM Ke B MTepa- 
Type He ONMCAaHbI ayKTbl rekcadTopaleToHa C BTOPHYHBIMH amudaTHyeckKuMu 
AMMHAMH, OCHOBHOCTb KOTOPbIX, HECMOTPA Ha CTPYKTYPHY!0 OH30CTb C 3THJIEH- 
MMMHOM, Ha He€CKOJIbKO NOpAKOB BbINIe (IMMeTHMaMHH Ka 5,2 - 1074). 

CkopocTb peakIlMH 2THJIEHHMMHAa C KapOOHMJbHbIMA COeLMHeHHAMM 3aKOHO--4 
MEPHO BO3pacTaeT B PALLY: 


wv) 3e@ " 
o=cS sod 


38 <4'@<3"0 


B COOTBETCTBHH C YBEJIMYCHHeM NOJIAPH3alNW KapOOHHbHOM Tpynniel. Vutepec-- 
Haw 3aBHCHMOCTb HaGwoaeTcs B CBOLICTBAX MpOLYKTOB ITOH peakIMH: 


ha 3 ® 
ficOn NCH,5OH ree ie 
aes 


8° < 3% <3® 


Temmeparypa KuNeHMs pesKO Bo3pacTaeT pu Mepexojye OT CoeMHEHUIi MepBoro: 
THNa KO BTOpoMy, OOe rpynmnbl COeAMHEHHM CKJOHHbI K peaKIMH 9THJICHHMHHO- 
MeTHJIMPOBaHHA, YTO BbIpakaeTcA B OOPa3s0BaHHH MeTHMeH-OUC-ITHJICHHMHHOB. 
(?,°). CoequHenua Tperbelt rpynnpl — merkoBosronsonlMeca KPUHCTaJJIMYeCKHe’ 
IPOAYKTbI, COMeoOpasHbIi XapakTep KOTOPbIX BOSpacTaeT C YBeJHUeCHHEM 3V/eKT- 
popuuibHocTH samectutenel. B wudpakpacubix cneKTpax coequHeHuit nepBoli wu 
BTOPOH Ip yIill MMerOTCA NOIOCL KOeGanul C— O- wu O — H-cpaseli rupoKcusb- 
HOW TPYilibl; B CIeKTpax COeIMHEHHHL TpeTbelt rpynibl — yeTKad UBUTTepHOHHAaA 


o6acTh, 4TO CBHJCTeJIbCTBYeT O JIOKAIM3 alu PHAPOKCHJIBHOTO MpOTOHAa Hai 
asoTe AMHHOrpyniibl. 


* 
3a CHATHE CNeKTPOB BEIParxKalo 6narogapHocts IO. H. IeiinKepy. 
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! IKCNeEPHMeHTANbBHAA YACTH 
aTpuxaopmetua-NmMeTuno0naTHAeCHUMUH (II). K pac- 
py 19,8 r (0,134 mona) xuopana B 20 Ma a6c. supa npu 0° npukanamm 
un.) pacrsop 5,8 r (0,134 mona) stuenumnua B 10 ma a6c. supa. Iocue 
—WICHUA PACTBOPHTEIA CBETJIbIi CHpomOoOpasHbI OCTATOK KPHCTaJM3yeTCHA 
{ jloOaBseHuu 5 mu aoc. 

ipa. ITlonyseno 21,81 

[bIX KPHCTaJJIOB, BbIXOJ, 60 


2500 2000 1500 1250 1000 750cm" 
a —— T T =i ligg 


1%, T. Kun. 73—76° npu | 
TMM, mocie sosronku $$ 
e mpa 5 mm) Tv. 1783,5— ~“* 


'(C BO3SroHKON). 
Il nowgyuen Takxe o6pa- 20 
‘KOM XJIOpasbruspata 9TH- 
IMMHHOM B 3cpupe (Kuns- 
ive 1 uac). LIpoayKT pac- 
PHM B 2XpHpe, crupTe, 
0J1e, XJOpodopme, AMOK- 
i€; O©paHWyeHHO pacTBo- 
MB BOJe; He pacTBOpHM 
TeTpovleHHoM apupe. Kpu- 
WIWIM3YeTCA M3 3cpupa, Ju- 
TMJIOBOrO Scpupa H Kepocu- ayaa oo Iae RO 
Mou. ec Haiizen 198,8, Puc. 1. Undpaxpacupie cneKTpb & -Tpuxs1opMeTHuI-N-MeTHJI- 


£6; Bprancen 190,47. OJI9THICHHMHHa HO, & -6uc-TpHdropMeTHu-N -MeTHJION- 
93THJIGEHHMHHa 


; Haligeno %: C 25,60; 25,61; H 3,36; 3,55; N 7,50; 7,57; Cl 55,71; 55,79 
TeONCI3. Burumcneno %: C 25,22; Jl he alee! N 7,35; Cl 55,84 
aa-Buc-TpudtopmetuaNmetunaonasTH Ae HUME (III). 
pactBopy 7 ma rexcadropauerona B 30 ma a6c. xbupa npx —60° mpu- 
Mayu (1 uac) pactsop 3,2 r sTunenumuna B 30 mu a6c. supa. SaTem cMeCcb jO- 
IM 0 KOMHATHOH TeMlepaTypbI, KHMATHIM B TeyeHHe 5 MMH. HM OCTABHJIM Ha 
Gb IIpH KOMHaTHOH Temmepatype. [locme ylaleHHa pacTBOPHTe/A MOyYeHO 
2 r Oesoro KpucTamuyecKoro mposyKTa, BEIxo, 59,3%. Tloce Bo3sroHKH 
00° mpu 20 mm) T. nu. 147—149,5°. 
Tlponyxt pactBopum B adupe, alleToue, JMOKCaHe; MWIOXO pacTBOPUM B XJIOpo- 
|PMe H HepacTBOpuM B Bose, GeH30Ne MH MeTpOeHHOM scpupe. 
Hatnenoto,: C 28,29; 28,35; H 2,22; 2,26; N'6,86; 6,93, F 53,74, 
AsONFs. Brrumcneno %: C 28,82; 2) at: IN Sea F 54,01 
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ais se ervaithe= 
nediiey toy saute 


a, a-Buc-Kap69ToKcu-N-MeTH 109TH WeHUMUH (IV). PactBop 9,85r 
STUMOBOFO S*upa Me3O0KCaMeBOH KUCJIOTHI B 50 Ma a6c. xpupa npu 0° oOpabotamn 
cTBOpom 2,5 r 3THeHUMUHA B 30 Ma ac. adbupa. CMecb OCTABUIM Ha HOUb IIpH 
JaKCHHM; BbITaIM KpylHble OecuBeTHbIe TAOHYKH, MoyyeHo 9,9 1, BbIXOL 
56%, T. m1. 68—69° (uz adupa). . 
Hatineno %: C 49,82; 49,98; H 7,10; 7,19; N 6,50; 6,59 
| CyHi;05N. Borumcneno %: C 49,76; EL yOn96: N 6,44 
THoctynn10 
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HM. WH. KOPHWJIOB nu H. M. MATBEEBA 


TENJIOTA AHCCOWMANMH * COEXMHEHUHM KYPHAKOBA 
Ni,Fe, Ni,;Mn, Ni;Cr u NijV 
(II pedcmaeaeno axademuxom H. H. Yepraesoim 13 II] 1961) 


B 1914 rozy H. C. Kypnakos snepsple Ha IIpHMepe CHCTeMEI Melb — 30,10) 
ycTaHOBUs| OOpasoBaHve MeTaJWIMYeCKUX COeMMHEHHH W3 TBEPALIX pacTBopoB (} 
Tlocueqyroulme UCCIeOBaHHA MeTaJIJIMYeCKUX CHCTeM MeTOaMH (PU3HKO-XUM 
yeCKOFO aHaM3a MO3BOJIMIM OTKPbITb TOJOOHbIe ABJICHHA BO MHOTHX TBepdE 
pacTBOpax MeTaJJIOB. STM COeAMHEHUA, OOPAasyIOMMeCA US TBEPJLIX pacTBOpO| 
B YeCTb I€PBOOTKPbIBATeA HX Obl Ha3BaHbI CoequHeHHaAMH KypHakosa (7 
Oyuako B AWTepaType, MpeuMyniecTBeHHO HHOCTpaHHol (°,*), o6pasoBanne ¢ 
\MHEHHH 13 TBEPAbIX PaCTBOPOB YacTO pacCMaTPHBalOT KaK IIpOCTy!O aTOMHY} 
MeperpyNMupoBKy, CBASAHHYIO C yNOpALOYeHHeEM CTPyKTypbI B TOMOFeHHOM Cp} 
ne, 6e3 cbasoBoro TpeBpallleHua. 

B cucTemMax HUKeJIb — 2Kes1e30, HHKeIb — MapraHell, HHKeJIb — XPOM HM} 
eT MeCTO, OOpasoBaHue MeTaIMYeCKUX CoeqMHeHHH cocraBa Ni,;Me u3 TBepdBl 
pacTBOpOB; HO Ha .MarpaMMaX paBHOBeCHA 9THX CHCTeM B OONacTH 75% HHKed] 
OOLIYHO MPOBOJAT TOJIbKO IYHKTHPHY!0 JIMHHIO KPHTHYeCKHX TemmepaTyp yi) 
PAAOYeHHA TBEPAbIX pacTBopos (°). ) 

Bmecte c Tem (pasoBble peppallenuA c OOpas0BaHHeM MeTaJsM4YeCKHX Cl 
€MHEHHH JOJOKHbI COMPOBOAKLATCA SHAYUTEJIbHbIM H3MCHEHHeEM SHEPrHH, HU 
AMarpaMMe COCTOAHHA CHCTeMbI JOJDKHA CYLLeCTBOBaTb CAMOCTOATeJIbHad OONaCy 
pacipocTpaHeHHA 9STHX COeMMHeEHHH, BKIOUAaIOMad AByxasHy!o oO6actT) 

Onpejeienve Tenor as0BbIxX MpeBpaleHui cnaBoB coctaBa Ni;Me B ch 
CTeMaX HUKeJIb — 2Kes1e30, HHKeJIb — MapraHell, HHKeJIb — XPOM H CpaBHeHy) 
MX C TelJOTaMH OOpasoBpaHuA coequHeHuHit NisV u NisTimoxeT aTb LonomHy 
TeJIbHbIe CBECHHA O IIPHpose mpeBpallleHuH B STHX CHCTeMaXx. i 

B padore (°) usy4auocb BJIMAHMe Mpollecca pasynopxAAOYUeHUA Ha Temnepaty] 
HbIH XO TemJOeMKocTH civiaBa coctaBa Ni,Fe, oToxKxKeHHOrO NpesBapHTeJb 
B TeyeHne 500 uac. B HHTepBase Temnepatyp oT 490° yo 370°. Murerpuposanue 
TeNJIOCEMKOCTH B TeMIepaTypHOM Mpesene oT 325° No 625° Oblia BEIUMCIEHA BI 
JIMYMHA SHEPrun pasynopxAoveHuA crviaBa, cocTaBsntiouad 0,8 KKan/r-ar.]Lat 
HbI€ O COOTBETCTBYIOWINX TelOTAX B CHCTeMaX HUKeJIb — MAapraHell, HHKEJIb 
XPOM H HHKeJIb — Banani B JIMTepaType He Halijenbl. JA Tem0TbI OOpas0Bd 
HHA MeTaJIM4ecKorO CoequHeHuA NisTi, KoTOpoe oOpa3yeTca u3 paciaBa mp) 
KPUCTaJJIM3aUMH, MOXKeT ObITb HCNOMb3OBAHA BeJMYNHA, peliowenHan Ky6: 
WI€BCKHM B paGoTe (’). | 

B Hactosilel pa6ote onpeseienne Tens0T :basOBbIX MpeBpallleHuit B CUCTE 
MaX HUK@Jb — 2KeJ€30, HHKeJlb — MapraHell, HUKeJIb — XPOM HM HHKedb - 
BaHaMH ObIJIO OCYILECTBJICHO MeTOJOM TepMorpaduy, paspadoTranHEM JI. TP. Bey 
rom w B. A. Anocospm (°). Mero 3akmouaeTcCA B CpaBHeHUM MloMagel nHKE 
Ha JudepentuabHoH KpHBO HarpeBanusA, OTBCYAIONIMX TeMVIOBbIM 3dbekTa 
B sTaslone HW OOpasile. B Hamel pa6oTe ucnob30BaH MeTOA pasyebHOrO 9TaJIC 
na (°). B KayectBe staioHa cpaBHeHHA Obl H86paHO %Kese30; TemoBbIe ape 


# li ry 
CMIOTOH WHCCOUMALMH Ha3sBaHa TemoTa Mepexofa COeAHHEHHA B TRepAbIit pacTBd 
pH KPHTHYeCKOH TemmepatType mepexoma. 
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MarHuTHoro a—f u nomumopduoro fb —>y mpeBparleHua wKesle3a H3MepeHbl 
alopuMeTpHueckH Hu TaOymupoBansl (*°). Sua TenoBble appeKTH STUX ABYX 
MpespallleHu, MOXKHO yCTAaHOBUTb OTHOCHTE/IbHYIO omlHOKy ONpeseseHuA H36paH- 
HbIM MeETOJOM, pacCCuHTaB BeJIMYHHY OAHOFO TeMOBOrO S*ppekTa MO U3BeCTHOM 
BeIMuHHe Jpyroro HW cpaBHUB ee c TaOM4HOM. Kak NoKasbIBaloT pacueTH, pac- 
XOKMCHWe IKCHEPHMCHTANbHOTO 3HaYeHHA TenwoTH a—f Fe-npespaienua 
4 C TaOMMYHOM HaxOAUTCA B Mpefemax 2—5%, 


4 T.€. B Wpekewax TOYHOCTH HCHOJIb3SYeMOTO 
| te Ne MeTosa. 
a 


IlpuH onpefzenenun TenmmoBblx 9pPekTos 

575° IipeppaleHHuH B ciwaBaxX HHKeJIA C MapraH- 

Il€M, HHMKeJIA C 2KeIe30M HM HUKesIA C XPOMOM 

580° Hapayy C wKese30M B KaueCcTBe STaJIOHa HC- 

NOMb3OBaICA HHKeNb. Ilnomjaqu TemIOBbIx 

; aPeKTOB H3MepsAJIMCb YOOHBIM 4M MpOcTHIM 

MeTOJOM YTeoMeTpHyecKOrO HHTerpHpoBanuA 
C HMOMOMLbIO JMHeEMHOM MasieTKu (?”). 


x JbS° 


a ey 


» 5302 

m6 Jos” 

6 4 

- 565° 380 

Xi 

, 

i" Puc. 1.. Kpuppie HarpepaHua Puc. 2. Kpuspaa HarpepaHusa cnaBa 
*, cnaspa NisFe: a —93TaJIOH HH- | NisMn: a— mocae oTKura B TeveHHe 
"4 Kellb; 6, 6— 2TaIOH *Kesles0 700 uac., 6—To xe nmocme 1400 yac. 
Be 

4 Cneqye? yKa3aTb, TO TepMorpaduyeckult MeTOL OnpeyeMeHUA TeMMOBBIX 3¢p- 


‘qeKTOB Mpoule WMpOKyIO SKCIepHMeHTAaIbHYI0 MPOBepKy Ha COJIeBbIX CUCTC- 
“MaX HM TIpUMpOMHIX COC MHEHMAX, HO MOYTH He HCHOMb3OBAVICA MIA UCCMeLOBAHUA 
“MeTAaJJIOB Hi CIaBOB. Bmecte c TeM MOJOOHbIe CHCTeMEI, OIaroqapA BbICOKOM Tel- 
“JOMpOBOAHOCTH M KOMMAKTHOCTH MaTepHaJa ABJIAIOTCA BECbMA Y/OOHBIMM OObEK- 
‘TaMu JIA TaKOrO MeTOJa HCCMeLOBaHUA TeMJIOT peaKIMH B TBeEpAOM COCTOAHHH. 
 Cnuappi coctapa NisMe usroTopisasucb B IJI€EKTPOLyroBoli ea B aTMOcepe 
‘Aaproua U3 9IEKTPOMMTHYCCKUX HUKEIA, HKeNMesa, Maprania, XpoMa U KapOorep- 
‘“Muueckoro BaHaluad, KOTOpHIM comepxKa 99,8% BaHaqua. CnmaBbl Qua uccue- 
‘lOBaHHA OTOOPAaHbI 10 XMMMYECKOMY aHaMsy HM MOUTH TOUHO COOTBETCTBOBAUIM 
crexuomeTpuyeckomy coctasy NisMe. Tepmuyeckaa oOpa6oTkKa ciuIaBoB CocTOAma 
BbICOKOTeMMepaTyPHOM TOMOreHW3allMOHHOM OTKUTe HW AWMTENbHOM OTAKUTe 
HWwKe KPHTHUeCKOM TeMMepaTypbl MpeBpaljenuA: MA NisFe, NisMn, NisCr 
‘npu 450°; ana NisV npu 950°. Onpezemenue TenIOBbIX SPPeEKTOB NPOUSBOAMIOCb 
‘nocne 700, 1000 u 1400 uac. oTxura, T. €. B 3aBMCHMOCTH OT BpeMeHH MpHBee- | 
HA cWwaBOB B COCTOAHMe paBHOBechsA. YcJIOBMA MpOBeACHHA 3aNHCcH KPHBbIX 
HarpepaHua BCeX MCCJIeOBaHHEIX CIWaBOB COCTaBa NisMe 6blmu cTporo cTaH- 
AaPTHBI, YTO CIOCOGCTBOBAJIO XOPOLIEMY BOCIIPOUSBEACHUIO PE3y/IbTATOB OLIBITOB. 
Ha puce. | npegctTaBueHbI KpuBbie HarpeBaHus cmaBa NisFe B nape c HHKeIeM 
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4 B rape c 2%ee30M Moce 700 "ac. OTAKUTa, OHM MMeIOT 3HAdMTebHbIe SHAOTEP-h 
MHueCKHe S*HeKTH TJHCcoUMaWHH OOpasoBaBlUlerOcA B Pe3yJIbTATe IIMTebHOrOM, 
oMkKura Metasmuueckoro coequHeHua NisFe. Bemwunna 9Toro TensoBoro acpeK- 
ta AH, cooTBeTCTBYIONLat paBHOBeECHOMY COCTOAHHIO, OpeyeseHa Kak B CpaBHe- 
HHH C HHKeeM, Tak M B CpaBHeHHH C 2Kee30M HM cocTaBAsdeT 1,97 Kkas/r-aT. 
Ona Ooubie MpeIoxwKeHHOHK B padore (°) BeTM4HHI H MOKeT ObITh NpHMucaHa 
6omee paBHOBeCHOMY COCTOAHMIO CiwlaBa, JOCTHrHYTOMy B pe3yJIbTaTe Mpo- 
BeJeCHHOH B Hamel paOoTe TepMooOpaooTKH. BocnpousBeyeHve 3anvcH Ha He- 
CKOJIbKUX OOpa3zilax JaJlO OTKJOHEHHe B BeIMYNHAX He Oosee 5%. Temnepatypa ll 
JMCCOMMANHH COeMHeEHUNA COcTaBJAeT 570°. 

Ha puc. 2 noKa3aHbl KpuBble HarpeBanua cnaBa Ni,;Mn, oToxkxKeHHOTO B Te- 
yenue 700 u 1400 uac. Kak BugHO W383 TepMorpaMMBI, YBeJIMYeHHe MpOLOJMKUTeIb- 
HocTH oMKura Jo 1400 uac. JaeT 3Ha4qH- 
T@JIbHOe BOSPAaCTaHHe BeJIMYHHI TerMI0- 
BOrO SdteKTa Ha TOPANOK BeJIM4YMHBI. 
anbueliee yBeMueHHe BpeMeHH OT- 
XKHPa HE H3MCHAeT BEJIMYHHBI TemJIOBOrO 
adcekTa (nvioulaqu muKa Ha juddepen- FF 
IMaJIbHOH KpuBoH). Jia paBHoBecuoro § 
COCTOAHHA OHA paBHa 2,40 kKawn/r-ar. | 
Temnepatypa  juccolMalun coenu- | 
Henna Ni; Mn cootgetctayet 540°. Kpu- | 
Bble HarpeBaHHA ciaBa cocTaBa Nis Cr | 
TaIOKe HMeIOT ABHbIeE SHOTepMuyecKHe 
sddekTl (asoBoro mpeBpaiwenua. YBe- | 
JimueHHe BpemeHu oTkura c 700 Jo | 
1400 uac. QaeT Bo3spacTaHHe BeJIMUHHBI | 
TenMOBOrO 3pipekTa MIUIb BABA pasa, MH | 
JaibHeinee NposoMKeHHe OTKUTa IPH 
TOH »Ke TemilepaType He H3MeHsAeT BevIH- 
quHy. 

Orkur B TeyeHve 2000 uac. npu 400 | 
uv pH 500° He qaeT yBemHueHHA TeM0- 
Boro adPpeKTa, HaOOopoT TelJOBOH 3¢p- 
(peKT yYMeHbiUaeTcaA. 

HanOoubmiee 3HayeHue AH, yocTur- | 
HyToe nocwie 1400 uac. omKura mpu 450°, 
cocTtaBasetT 0,41 KKas/r-aT, T. €. OHO 3HAUHTeEIbHO HOKE 3HaUeHHH AH ana 
NisFe, NisMn u NisV. MoxHo mpegnomaratb, 4TO Mporecc OOpas0BaHHA coenHu- 
HeHHA TpOTeKaeT UpesBbIYaHHO MeWICHHO HM paBHOBeCHOe COCTOAHMe ciiaBa 
MpaKkTH4ecKH He ObIIO WocTHrHyTO. Bonpoc o coequHeHHH NisCr B CBA3H C HH3- 
KMM 3HaYeHHeM ero TeNJOTH OOpas0BaHHA (MMCcOouMalMN) TpeOyeT TaIbHeHMIero 
HccleqOBaHHA, TEM Oosee, YTO OFHH aBTOpHl (”) mpeqnomaraioT HasMuNe B 
OTOXK2KCHHOM criviaBe K-cocTOAHUA, Wpyrue—cocTaB coequHeHua NieCr BMecTo 
NisCr (°). 

Benuunna TenmoBoro sddextTa ANccomManuu coeyuHeHuA NisV, orBeyarolaa 
PaBHOBeCHOMY COCTOAHHIO, KOTOpoe WocTuraetca nocse 1400 uac. omKura cnua- 


Puc. 3. Kpnpaa Harpepanua cnuiapa Ni3V 
nocyle oMKHTra cnJiaBa B TeyeHve 1400 yac. 
mpu 950° 


Ta6auma fl 


1 K puruyu. x a ‘ 

Xum. cocras, Bec.% | t-pa, °C Tenviota THCCOWMaANHU cCoeqMHeEHUA OrHocutT. 
aso eee AH omudKa 
Soe AHHeHHe (TouKa 

Kypuaxo- x HSMePCHIAS 

Teop. Haug. Ba) KKaJi/P-aT Kaai/r 2 4 
NisFe 24,08 | 24,20 570 1,9+0,1 3442 5 
NisMn Doane 23, 40 540 2,40+0,09 44,541,6 3 
NisCr 2:80" jy 22,75 585 0,41 -+0,005 Toad eS 
NigV_ 22,44 | 22,60 1070 3,60+0,2 63,54+3,4 5 
NigTi = ee 1380 8,4 = _ 
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a pu 950°, cocraBaset 3,60 kKam/r-aT (pyc. 3). Temnepatypa 2uccounalHn 
70°. 

_ Braou. 1 cBeleHbI JaHHble O XHMHYECKOM COCTaBe HCCJIEIOBaHHbIX CoeHHe- 

Mii, TeMMepaTypax ux OOpas0BaHHA HM TellMoTax AHMCCcomMallHn. 

Cnelyer o6paTuTb BHUMaHHe Ha 3HauHTeJIbH 10 BeMUMHY TemIOT AUccoumalnn, 
OCTABJIAIONLYIO Wemoe YvCO GobIIMX Kasopul Ha | r-aT. B sToM oTHOMeHHH 
CK IOUeHHE cocTaBJIdeT TObKO coenuHeHve NisCr. OueBuyHO, MpOuHOCTb XHMH- 
leCKOM CBA3H B JWIMTCJIbHO OTOKXKCHHbIX CIIaBaX HMeeT HHYIO TpHposly, 4em 
J TREPBIX PACTBOPaX, H Npouecchl yNOpALOVeHHA B M3YYCHHBIX CIaBAaX CBA- 
aHbI C OOpas0BaHHeM IIPOUHbIX M cTa- 
WJIbHLIX MeTAIJIMYeCKHX COeMHeEHHH. 
JHU OJOKHbI HMeTb Ha JMarpamMe co- 
TOAHUA CHCTEMbI CAMOCTOATEJIbHbIe 06- 
[ACTH CYIMeCTBOBaHHA, H, Kak (pasoBble 
[peBpaiienua |-ro pola, AByxdasupie 
OnacTH. Knaccuyeckui npHMep mos00- 


NiJi KxaN/e-am 


fOrO MIpeBpallieHuA HaliyeH B CHCTeMe ce % 

pe — 30JI0TO AIA cocTaBa Cu3Au (',°). 1100 4 
Ha puc. 4 mpegcrapiena 3aBucu- | 4 

[OCTb TeMOT HM TeMnepaTyp AuccomMa- 900 4 

uu coequnenuli NisFe, NisMn, NisCr, 10 2 

jisV u NisTi or nono*wKeHUA MeTAaJIJIOB 

} MepMOmMyecKO CHCTeMe 2JIeEMeHTOB. 500 ! 


43 cpaBHe€HUA JaHHbIX MOXKHO 3aKJI1O- 
Tb, 4TO TEMIOTH AMCCOMMANMH [WIA 
SCeX COCIMHEHMH COMSMEPUMbI, OHH BO3- 
JacTaioT, 3a ucKmouenvem AH NisCr, 

lO Mepe ylavleHuA yuacTBylollero B pol gates SE Maen CE ae 
patyp quccoumamun coequHeHHt NisMe or 
Oe THHeHHH MeTaJJIia OT IMOJJOKCHHA nosoxenuna Me B mepHoqHueckow cHCcTeMme: 
TMK ETA B nepwoynyeckou cucteme. Ta- a — Temiortni AMccoumanuu, 6 — Temnepaty- 
MM OOpasoM, JIA U3yyeHHCrO pAya Le ake eae ite 
OeIMHeHUH coONOsaeTcCA H3BeCTHAaA 

A@BUCUMOCTb CBOHCTB XHMHYCCKHX COC MHEHHM OT TOOXKCHHA KOMIIOHEHTOB B 
lepuoguueckoit cuctme. [IpounocTs xHMMYeCKOl cBA3H CcOeqMHeHHH NisFe, 
JisMn, NisV u NisTi raxxe, BuquMO, onpesenseTcA TemloTaMa oOpas0BaHHA 
IUCcOUMalHH); OHA BOspacTaeT C YBeIMYeHHeEM pa3IMYHAH XHMMYCCKHX 
BOHCTB B3AMMOJEMCTBYIOULHX MeTAJIJIOB, T. €. HAXOMUTCA B CBAZH C MOMOACHHEM 
earMPYIOlUX IEMCHTOB B HepHomMuecKOH cucCTeMe. 

~ Bospacranue mpoyHocTH XMMMueCKOl CBASH B pAAy COeMHeHHH Nise, 
JisMn, NisCr (?), NisV, NisTi qomKHo HaliTu oTpaxkeHve B MeXaHM4eCKOH Mpou- 
[OCTH 3THX COCAMHCHMH, YTO TpeOyeT JONOAHUTEAbHOTO MCCeLOBAHHA. 


| WUnerutyt metaniyprun um. A. A. Baiixopa Tlocrynvo 
; Akajzemun Hayk CCCP 22 T).A961 
; 
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9. A. JEBHILKHH, B. H. MAKCHMOB u H. 10. MAPYUEHKO 


O MOJIMMEPHOM TIPHPOJE 5/, OCHOBHOFO XJIOPHA 
AJIFOMMHUA WH BO3MOKHOCTH CYLIECTBOBAHHA 
OKCHXJIOPH OB AJIKOMMHUA BOJIEE BbICOKOH OCHOBHOCTH 


(ITpedcmaeaexo axademuxom B, A. Kapeunsim 18 III 1961) 


B page uccelopanni (+ *) noKa3aHO, YTO paCTBOPHMBIe OCHOBHbIe COMM aJiio- 
MMHMA CKJIOHHbI K OOpa30BaHHI0 KOMIIVI€KCHBIX COCMMHEHHH C BEICOKHM MOJIeKy- 
aspHpim Becom. MoxHo mpeqmonaraTh, YTO TeHJeCHUMA K OOPas0BaHHlO TaKUx} 
IIpOyKTCR HawGoslee ueTKO MpOABIAeTCA B CHCTeMaX BBICOKOM OCHOBHOCTH.| 
C sToh TOUKH 3peHHA MpelcTaBIAeT HATepec UCCNeOBaHHe pAa PusHyeCKH 
cBolicTs °/, OCHOBHOTO xsiopHya amomunua Al,(OH);Cl (*). 

B nactosuet pa6ote Gbila nocTaBseHa 3aada BhIACHEHHA BO3MO%KHOCTH OOpa 
30BaHuA °/, OCHOBHbIM XJIOPHAOM asOMHHHA IPpOAYKTOB NOJMMepHOro CTpoeHHs,| 
TlomumepHble BelllecTBa XapaKTepH3yloTCA pAOM cmeludwyecKHX CBOHCTB 
K BaKHelilIMM M3 KOTOPbIX OTHOCATCA: 1) MOBbUNeHHaA BA3KOCTb paCTBOPOB;) 
2) HaOyxanve B paCTBOpHTeJIAX U OOpasOBaHHe CHCTEM, NPOMEKYTOUHBIX MeKILy, 
TBEPIbIM TEJIOM H 2XHIKOCTHIO; 3) CMOCOOHOCTh K O6pa30BaHHO BOJIOKOH M e+ 
HOK (aHH30TpONHA CBOMCTS). 

OuepuHO, 4TO ec °/, OCHOBHOHM XJIOPUA amIOMHHUA cnocobeH K OOpa3oBa- 
HHIO MOJIMMEPOB, TO STH MPOMYKTbI JOJOKHbI OOalaTb YKa3aHHbIM BbILIe KOM-| 
MIeKCOM PU3UYeCKHX CBOMCTB. 

IlpumensBiiueca Ipv UCCeLOBaHH MpenapaTsl Obl.IM MPHFOTOBJIeHbl pacTBo- 
peHHeM MeTaJIMYeCKOFO AJIOMHHUA HIM YMCTOM THAPOOKHCH aJIOMMHUA B CONA-| 
HOH KucoTe. Kak M3BeCTHO, 06a 9TH CHOCO6a MO3BONAIOT NOWydaTb MpOAyKTbl 
C BbICOKMM HOHHBIM BecoM (?). 

C yxpeM4eHHeM KOHUWeHTpauHH °/, OCHOBHOrO xsIOopHya B  cHCTeMe! 
Al,(OH);Cl— H2O, Buy cucTembl U3MeHaeTCH CulekyrouluM oOOpasoM: 


Koun. Al;O3, % Buy cucTembl 
0—20 PactBop 
25—28 Cry2HeBuyHOe BelllecTBO 
30—40 CreKJIOBUHOe BelleCcTBO 
>40 Tlopoumkoo6pa3Hoe BellecTBO 


Ilepexoq mo psy pacTBop — MOpomwok ABJAeTCA MOMHOCTbIO OOpaTHMbIM. 
{Ipu qoOaBneHun K Mopouiky HeOOJbUIMX KOJIMYeCTB BOJbI OH HaGyxaeT c OOpa- 
30BaHMeM CTYLHA. C yBeIH4YeHHeM pa3s6aBeHHA OKCHXJIOPHA MepeXxosUT B MCTHH-| 
HbIi pacTBop. SaMeTuM, 4TO HaOyxXaHHe NpH LoOOaBMeHUM pacTBOPUTeIA THNMIHO! 
WIA MomMMepoB. CTyHEBHAHEIH NpOLyKT OOayaeT 3aMeTHOM THKCOTPOMHOCTHIO,| 
{TO XapaKTepHO JIA NOJMMePOB, MAKPOMOJICKYJIbl KOTOPLIX HECKOJIDKO pasBer- 
BJICHBI. 

Panee (°) Obl HCCMeMOBaHEI HEKOTOpHle CBOicTBa pacTBOpoB °/, OCHOBHOrO| 
XOpHa asioMHHH A. [loKkasaHo, ¥TO B HCCeOBAHHOM MHTepBasle KOHIeHTpalun| 
(O—200 r/n Al2O; mpu 20° u O—300 r/ Al2O; npu 75°) naoTHOCTh pacTBopos| 
H3M€HAeTCA CTPoro sMHeHO. Kak u3BecTuo (°), Alo(OH);Cl apasetca BeulecTBOM 
C MpakTHyeCKH HeOrpaHvyeHHON pacTBopuMocTbio. B uccmeloBaHHbIX MHTepBa-| 
JiaX KOHICHTPallMi IWIOTHOCTh MeHAJIaCb COBepIIeHHO aHaOrH4uHO TOMY, Kaki} 
5TO MMECT MECTO B BOAHbIX paCTBOpaX SJIEKTPOJIHTOB, Fe C yBeJIMYeHHeM KOHILGHT- 


palluM He MIpOHCXOAMT KakuXx-JIMOO KayeCTBEHHEIX H3MeHeHU (HanpuMep, OOpaso- 
BaHHA THypatos) (”). 
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_ Ojuako xapakTep H3MeHeHHA BASKOCTM pactTBopa Al2(OH);Cl npu 20 u 75° 
pesKO OTIMUAICH OT KPHBLIX U3MCHCHHA BASKOCTH BOMHBIX PACTBOPOB IJICKTPO- 
“uTOB C H3MeHeHHeM KoHIeHTpauun (°,"). OTH KPUBbIe OKA3aIMCb BeCbMa CXO]- 
HbI C rpadbuKamu, MOCTpOeHHBIMH JIA TAKOO THMMYHOFO MOMMepHOFO BellecTBa, 
Kak NOJIMUZO06yTHJIEH B Pas/IMYHbIX paCTBOPHTeAX (FrerTave, TeKcaHe, TO/youe). 
S10 nosteepxaet puc. i, roe MomyseHHble MaHHble MO U3MeCHEHHIO BASKOCTH C 
WSMeHeHHeM KOHMeHTpawun (°) HHTepmpeTHpoBaHbI AVIA IIpPHBeLCHHOM BASKOCTH. 
Kak BuAHO M3 pHCyHKa, XapaKTepMcTHYeCKaA BASKOCTb pacTBopa °/s OCHOBHOTO 
Xopula np 20° sametHo oTMuHa OT HyA M CocTapaser 0,06. Takum o6pasom, 
HccyieloBaHHble pacTBopbt °/, OCHOBHOTO XJOpHfla aJIOMMHHA 10 px) y CBOHCTB 
TOXKeCTBCHHLI paCTBOpaM IIOJIMMePOB. 


50 

as 

v 40 ys 
025 30 A 

, { 20 ey ee 
; 10 Mp X—K—— K— XK — 
OS xd 
‘ Sega SY Ge ee ee 
pe 0 3 5 afta 0 0 20 30 40 50 60 70 80 30 100 110°C 
‘ epee 1 ae 
Pc. 1. [IpuHBeqeHHan BASKOCTB pac- Puc. 2. TepMomexaHnueckad KpPHBaA CTeKJIOBH]- 
“TBOpoB °/, OCHOBHOTO XJIOpHfa aslio- Horo O6pasua */g- OCHOBHOTO XJIOpuya aviOMHHHA 


MuHa pH 20° C 


_ SHaunTeIbHBIM MHTepec MpescTaBiaso uccMefOBaHHe 3aBHCHMOCTH MeXaHH- 
“WecKUX CBOMCTB KOH/eHCHPOBaHHOrO (cteKkIoBuzHOrO) °/, OCHOBHOTO xsopHya 
of Temnepatypy. Ucnpiranna o6pa3ia, nomyyenHoro B Buse TaOMeTKM JuaMeT- 
“pom 8 MM 4H BBICOTOH 4 MM, MpoBOsMINCh Ha AHHAMOMeTPHYeCKUX BecaX pH 
_OKUMAaIOULeH Harpy3ke 1,59 xr/cm?, Bpems JelicTBuA Harpy3kH 10 cek. PesyubTa- 
“Thi IIPHBeeHbI Ha PHC. 2, H3 KOTOPOTO BHHO, 4TO °/g OCHOBHOM XJIOpHL MIpu Mo- 
“BEIMEHHH TeMMepaTypbl MpoxosUT uepes Tp usHyeCKHX COCTOAHMA: IPH 25° 
“M3 CTeKO0Opa3sHOrO COCTOAHUA MepeXOLNT B BbICOKOSTIACTHYeCKOe (CBOHCTBEHHOe 
TOJIbKO MOJIMMepHEIM BellleCTBaM), a mpH 90° — B BASKOTeKyy¥ee COCTOAHHE. 
_ B xoge skKcnepHMeHTOB HEOAHOKPaTHO OTMeyaOCh TakxKe, UTO 5/, OCHOBHOM 
“XJOpH, aIOMMHUA CKJOHeEH K COpa30BaHHIo myleHOK. AHM30TPONMA CBOHCTB 
b BelleCTBa HCHO/Ib30BaHa B psAle paOor. Tak, B MocjeqHee BPpeMA MOABHJIMCb CO- 
 oOilleHHA O TIpHMeHenuu °/, OCHOBHOTO XJIOPHa aJIOMHHUA B KayeCTBe CBASYIO- 
wero BellecTBa B OFHeyNOPHEIX IleMeHTaXx (°) (KOHIeHTpHpOBaHHble paCcTBOpbi 
 Al,(OH);Cl o6namaior xopowleli Kmeronlel cnocoOHocThO) HM O NOJyYeHHM U3 
 pacTBopa OCHOBHOTO XJIOpHa BONOKHUCTOrO GeMUTAa, KOTOpOMy HakeHo pasHo- 
o6pasHoe pHMeneuue (°). 
Takum o6pa3s0M, M0 COBOKyNHOCTH cBOHCcTB °/, OCHOBHOM XJIOpHy, aJlIOMH- 
_ HHS MOXKET pacCMaTPUBATECA KaK BeIeCTBO, CMOCOOHOe K OOpas0BaHl0 IIpOAyK- 
-TOB | OJIMMepHOrO CTpOeHHA. 
'  CymlecTsopanve B pacTBope J060rO OCHOBHOTO COeMHeCHHA OKasbIBaeTCA 
_ HaJIMYHEM COOTBETCTBYIOUIero NeperHOa Ha KPHBOM MOTENWMOMeTPHyeCKOrO TH- 
_ TpoBanMs. OjHaKo NosMMepHsallHA MeHee BLICOKOOCHOBHBIX COeMHCHHM MO?KET 
 ucKa3UTb XO KpuBO NoTeHIMOMeTpHuecKoro TuTpoBaHua. Kaenepr u [leuk 
(2) HaOmofam COKE XapakTep W3MeCHeCHHA KOJIMYeCTBA UleIOUH, KOTOPOe 
HeEOOXOJMMO JOOaBUTb K PaCTBOPy OCHOBHOTO XJIOpufa Wo NOCTHKeHUA CKauKa 
foTeniiMaia (Ha TuTpoBaHHe Jo Al(OH)s;), B mpowecce crapeHun pacTBopa (cM. 
puc. 3). 
CrpeMacb CODACHHTb STO ABJEHMe, ABTOPbI NpeANOMOAKUIM, ITO MapadVedb- 
HO C TH{poOH30M IIpoTeKaioT [pyrwe peakUMH, HaNpHMep, AVIA pacTBopa Co- 
ctrapa Al(OH):2Cl. 
Ilpegcrapnenue o NomumMepHot mpupoge °/, OCHOBHOrO XJOpHja asIOMMHHA 
MO3BONAeT OOSACHHTh H3BECTHBIC SKCIEPHMCHTAJIbHbIe JaHHbIC, CBASAHHBIE C 
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BOIIPOCOM O BO3MOXKHOCTH CyILeCTBOBaHHA BHICHIMX OCHOBHBIX XJOPHOB (T. e 
IIpOMexKYTOUHEIX 10 cocTaBy MexKAY Ale (OH)sCI u Al (OH)s) 2 KayeCTBe HHI F 
BUYaJIbHEIX BemlecTB. HezaBHo Obl cheaH pa coobmleHHit O a BbIC} 

IHX OKCHXAOpUAOB amomMuHHA. JleHK C COTp. (a ) x Tana6e (1%) o6napyxnaH 
8/, ocHOBHOM xmopuy Als(OH)sCl u 11/,, ocHoBpHolt xmopuy Ala(OH)uCl. 


Al (OH). Cl + Al (OH)3 = Alz (OH); Cl, (1) 
3A1 (OH), Cl = 2A1 (OH)s + AlCls, (2) 


MIpHueM TlepBat peaks Croco6cTByeT YMeHBUIeHHIO pacxOla WeNOUH, a BTO-Ie 
pad — YBeJIMMeHMIO; MOBBIMeHHe TeMmepaTypbl cnoco6cTByeT MpoTeKaHuio Kak\§ 
: peakunn (2), Tak M peakiMH THy- 
poums3a 


Al(OH)» Cl -- HOH = Al (OH)3+ HCl. 
(3) 


Hey6euTebHOCTb Takoro OO6b- 
ACHeHHA Ou4eBHHAa. Bo-nepBeix, | 
jake ecCJIH BCe NIpHBeeHHbIe pe- 


— aKILMM HMeIOT MeCTO, 3TO HMKaK | 
He OTpaxkaeTcA Ha OalanHce ruj-| 
2/3 POKCHJI-HOHOB B  cHcTeme. Bo-|{ 


BTOPbIX, H3BeCTHO, 4TO °/g OCHOB= | 
HO XJOpHu THTpyeTcA wWheOUbIO 
Q no Al(OH); QoBoubHO serKo (°), | 
CielopaTesbHO, eCIK Obl eno 
6bIIO TOJIbKO B PaCCMaTPHBaeMBIX | 
aBTOpaMH IIpoleccax, KOJIMYeCTBO 
pacTBopa WesoyH, oOaBJIAemoe | 
jlo «cKauKa TOTeHI[Mala» Ha KpH- 
Bee Bol THTPOBaHHA, OCTaBaJIOCb Obl | 
He€H3MCHHBIM B XOjle CTapeHHa. 
CyTb HaOsosaBulerocA ABJIe- 
HMA COCTOHT B TOM, 4TO YaCTb 
AJIOMUHHMCOep2KalHX OCHOBHBIX 
KaTHOHOB «MaCKHpyeTcA» B Ipo- | 
0 30 —77 Gr gy «2s Wecce CTapenua Mu NoToMy He OT- 
THTPOBbIBaeTCA WeodbIo. BecbMa 
Puc. 3. Usmenenve Konnuecrsa 0,1 N pactaopa BOSMOMMO, STO STO, HEHOCpERCTs 
NaOH, mo6aBmteHHoro O OcCTHaKeHHA «cCKaukKa BEHHO CBA3AHO C o6p 130BaHHeM B 
TOTeHWHala», B Mmpouwecce CTapeHHA PacTBOpoB mpotmecce cTapeHuaA Pie OCHOBHOTO 
OCHOBHOTO XJIOPH]a aJIIOMHHH 1 = 
cTH (110 pe, cote (3) epee ene 60° (6) ATODEAS F COR OM Tee a 
CoeqMHeHHH (TOJIMMepoB), B KO- 
TOpbIX (pH aHHOH cKOpocTH 
THTPOBaHHA WLeJIOUbIO) MOKeET ObITh HeHTPaNM30BaHa TOJIbKO 4YaCTb aMIOMHHHA. 
pyrve w3MeHeHHusl B CHCTeme (Cc apeHHe THJpOOKHCH aJIOMMHHA, TH pomHs 
°/g OCHOBHOTO XJIOpHiJla HM CaMOro BbICOKOMOJIeKYJAPHOFO WpofykKTa) OyxyT mpH- 
BOJUTb K IIPOTHBOMOJIOKH‘IM pe3yJIbTaTaM (YBeJIMYeHHIO pacxosa UlelOo“H JO 
OCTIAKeEHHA «CKauKa TOTeHIMasiay). Harpepanne, oveBHHO, cmocoOcTByeT ruy- 
pouH3sy B OOuIbIIeH Mepe, eM NOJHMepH3allMu, YTO M BbI3bIBAeT KaYeCTBEHHOe 
H3MCHeHHE XapaKTepa ABJIEHHA C MOBbILMeHHeEM TeMnepaTypbl. 

BosMoxHO, STHM Ke («MaCKHUpOBKOli» YaCTH KATHOHOB OCHOBHOM COuIM BHYTpH 
Ma@KPOMOJIEKYJIbl) OObACHACTCA HM NMOABeHHe MeperHOoB Ha KPMBbIX MOTeHILMO- 
MeTpHueCcKOrO TUTPpOBaHHA B UHTepBase ocHoBHOCTeH OH/Al = 2,53. Jleiicr- 
BUTCJIbHO, THTPpOBaHHe 4YaCTH aJIIOMHHHHCOsepKallMX KATHOHOB, 3aKJIOYCHHbIX 
BHYTPH MaKPOMOJIeKyJIbl, OJKKHO MpOXOLMTb TIpH GOolee BbICOKOM KOHIWeHTpa- 
MMM THJpOKCHJI-HOHOB, 4M THTPOBaHHe 9THX 2K KATHOHOB, OCBOOOHO HaxojA- 


UIMXCH B pacTBope. Tlostomy ip THTPOBaHHH «MaCKHPOBaHHbixX» KaTMOHOB Ha 
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OTEHILMOMeETPHUeECKOH KPHBOM OJDKHbI BOSHUKATb JOMOJIHUTeIbHbIe MeperH6nl, 

elleHHble B HallpaBsieHuu Oovlee BhICOKOrO 3Ha4yeHUA PH cpesbI H OCHOBHOCTH 
acTBopa. Ere c 60JIbIIMMM TPYHOCTAMM CBA3AHO THTPOBaHHe MOJHMepH30BaH- 
Horo °/, OCHOBHOFO XJIOpHla aIOMHHUA CyJIbiaT-MoHOM C OOpas0BaHHem ocaKa 
*/; OCHOBHOTO cyJIbsata aJIOMMHMA, Halpumep 


2A1g (OH); Cl -- NaeSOs = (Ala (OH)5)2 SOs -+ 2 NaCl. 


Tenk (7°) nokasan, uTo oOpasoBanue Ocaka HayHHaeTCA Mp rpOMaHbIx H3ObIT- 
Kax CyJIbaT-HOHa B pacTBOpe MO CpaBHEHHIO CO CTEXMOMETPH4eCKUM KOMECT- 
BOM. XOTH 3Ta peaKIMA, HeECOMHCHHO, ABJIAeTCA MOHHOM, ake Ip OoO/IbIIMXx 

{30bITKAX CY JIb*paT-HOHAa OOpasoBaHne OcaKa HAYMHAeTCA Yepe3 HECKOJIbBKO 4acoB 
(un cyTok). Hermiumu onbiraMu moKa3aHo, YTO pH THTPOBaHHH OObIMHBIMH TeM- 
aMH MOMYyTHeHMe pacTBopa °/, OCHOBHOTO XJIOpHla HaYHHaeTCA TOKO Mocue 
Toro, Kak KOMM4eCTBO JOOaBJIeHHOrO cybdaT-noHa B 4-10" pas Hpespicum KOJIH- 
ueCTBO, TpeOyemoe JIA JOCTHKeHHA MpOH3BeeHHA PacTBOPHMOCTH °/, OCHOBHO- 
0 cyabbata aJIOMHHHA. 

OueBH1HO, YTO 3aTPyAHCHHA, BOSHMKAaIOllMe Ip THTPOBAHHM NOMMMepHOTO 
OcrioBHoTO XJOpHa aJOMMHHA OH’-vonamn, JomKHbI ycyryOaTbCA B CuTy4ae 
MTpopanusa SO)-voHaMu B CBASH C UX MeHDbIllei MOABMKHOCTbHIO H H3MeHeHHeM 
lOpaAyKa peakilHH. 

- Takum o6pa30M, BbICOKOOCHOBHBIeC XJIOPHILI aiOMMHUA (C OCHOBHOCTbIO 

H/Al > 2,5) moryT paccMaTpHBaTbcaA He KaK HHJMBHyasbHble COeIMHeHHA, 
a KaK MOJMMepv30BaHHble pasHocTu °/, OcHOBHOTO xsiopuga Al,(OH);Cl. 

B noub3y BbICKa3aHHON 3/eCb THMOTeSbI CBUETeIBCTBYIOT H Apyrve u3BeCcT- 
Ie SKCHePpHMeHTaIbHbIe aHHble. B uacTHOcTH, Mp pacTBOpeHHu H3ObITKA 
TaJMMYeECKOFO aJIOMMHHA B COJIMHOH KHCMOTe PacTBOP CTPeMUTCA B Mpesee 
‘coctapy °/, OCHOBHOTO XJIOpuja; pacTBopbl c oTHOWWeHHeM Al/Cl > 2 npu stom 
e oOpasyrotcs (7°). Korga KoumuecTBO pacTBOpeHHOrO aJIOMHHMA MpeBbllaer 
[O COOTHOMIeHHe, XAapaKTep CHCTEMbI MCHAeTCA: pacTBOP H3 HCTHHHOTO CTAaHO- 
BHTCA KOuMOMLHDIM (1,14), 


Tlocrynuvio 
15 Til 1961 


WHTHPOBAHHAA JIUTEPATYPA 
PHM Wo Kohischtitter;'P.Hantelmann, Zs. anorg. u. allgem. Chem., 
31 : 


9 (1941). G. Denk, J. Alt, Zs. anorg. u. allgem. Chem., 269, 244 (1952) 

JI oy = opal AEANeee aera ew De 27, Newel? (1953), = = B. A. Kap 
Poh Ova Hi *K ano pay KOX, 10,.No 4—6, 782) (1937).>° 3. A. Iles vw u- 
uf, Bb. M Ulenaves, Vas. Bocm. yu. 3an, [lpernax metannyprua, Ne 2 (1961). 
DM. E WiwmauamBuau, B. A. Kapruny, A. J Bamanagse, K®X, 21, 
mye 3, 391 Use?) zi CnpapounHnk (PH3HKO-XHMHYeCKUX H TexHOJIOrHyecKHX BewHUnH, 10, 
mosl, crp. 93. A. Wickers, J. Maloney, U. S. 2818345, 1957; Chem. Abstr , 


B2, 6747e, (1958). ® J. Bugosh, U. S., 2915475, 1959; Chem. Abstr., 54, (F) 9156, 1960. 
™G Denk, L. Bayer, Zs. anorg u. allgem. Chem., 267, 89 (1951). 1G Denk, 
‘Angew. Chem , 62, 340 (1950). 2G Klenert,G Denk, Zs. anorg. wu. allgem. Chem., 
d 3—4, 171 (1959). Het anmabe, J. Pharmac. .Soc: Japan, 74, 866 (1954); 
Chem. Abstr., 49, 11482 c. (1955). 4G Bayley, J. Soc. Chem Ind. (Trans.), 39, 9, 118 
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Jlornxaygn Akagemun nayr CCCP 
1961. Tom 139, NM 4 


Axayemux A. H. HECMESHOB, 9. Tf. MEPEBAJIOBA, C. Ml. TYBHH, 
T. B. HAKUTHHA, A. A. HOHOMAPEHKO u JI. C. WIMJIOBLIEBA 


CBOMCTBA ®EHHJI®EPPOWEHA 


ANKWJbHad Tpymla, CBASaHHaA C (eppOMeHOBLIM ApoM, OOseraaeT Nocwe- 
Ilytolllee SJIEKTpO*HJIbHOe 3aMeLLeHHe, IPH 9TOM CHJIbHee AKTHBUPYeTCA TO WHK 
JIOMC€HTALMeHUJIbHOe KOJIbIIO, C KOTOPbIM OHa CBA3aHa (1 *), DeHuAbHAaA rpynna 
110 OTHOMIEHHIO K PeppOWeHHJIbHOH ABJIACTCA SJIEKTPOHOAKUeNTOPHON, KaK MBI 
BIIepBble MOKa3aJIH, CPaBHHB KOHCTaHTy OCHOBHOCTH f-cbeppOleHHJIaHHIMHa H 
KOHCTaHTY HOHM3alMH n-ceppolleHusdenoa C KOHCTAaHTaMH COOTBETCTBYIOUIMX| 
IIpOH3BOMHEIX OeHsovia (°). ! 

Tlanupie Posexn6.0ma (°) no allHsIMpoBaHHio deHHAdeppolena NOATBeEpxK1aIoT! 
Halll pe3yJbTaTbl: (PeHHJIbHaA Tpynna, NOLOGHO Apyrum 9s1eKTpOHOAaKLeNTOp-| 
HbIM 3AMECTHTeEJIAM OKA3bIBaeT e3aKTHBUPyrollee BIIMAHHE Ha IIEKTPOHIbHOE 
3aMellleHHe BOLOPOAOB ceppoleHoBoro Apa. 

B HacTosulei padoTe MbI HCCJIeOBaIH AMHHOMeTHJINpoBaHHe, Cybdupo-} 
BaHHe H HHTpOBaHne denudeppowena, a TakxKe MpoBemH KOHKYypupyrowlee| 
(c cbeppolleHoM) alleTuimpoBanne cbeHundeppotlena. AMuHoMeTuIMpoBaHHe de- 
HuIdeppowena OblIO MpOBeeHO TeTpaMeTHJI1MaMMHOMeTaHOM B IIpHcyTCTBHH| 
dbocopHoti KucJoTH. IIpu stom 6p nomyyen (N,N-fumetunamunometus)-} 
cbennscepporen. B u.- K. creKTpe CbIPOrO MpoAyKTa HMeIOTCA MOJIOCHI MOrsole-| 
Hua B OOacTH 1000 u 1100 cm, ogHako MHTeHCHBHOCTb ToOC HeBemuKA. | 
Ilo-BuyquMOMy, TOMOaHHYJIAPHBIM H30Mep OOpa3syeTcA B HEOOJIbINOM KOJIMUECTBE. | 
(N,N-fumeTusamMuHomMeTH)-peHuieppolleH Obi mpeBpauleH B MosMeTuaT Hw 
BOCCTAHOBJI€CH aMaJIbraMOli HaTpHA Jo MeTudeHudepponena. M3 npolyKToB | 
peakUMH BbIeeH TeTepOaHHyIAPHbIM MeTHIdeHHdeppolleH C BEIXOZOM 70%,.| 
CuHTaA Ha AMMHOMCTHJIMPOBaHHbI (beHusdep pore. | 


ies CS 
ACE. oe 
eg o” ° (CHa NCH, N(GH ja Nee Cos 
e eee 3 
ai NG H,PO, — 
ay ; (>= CHaN (CHs)2 
aN oN 
CHa ye Na/Hg Nee ai 
ey cen i aa ae 
Wwe 2 3/3 Noe 3 


TO CBUITEIbCTBYeT O TOM, YTO TeTepOAHHYJIAPHbIM U30Mep ObIJI OCHOBHOL Co- | 
CTaBHOM YacTbIO HcxoqHOH cmecn N,N-jMMeTusamMHomerHuideHuudep pouleHos. 
H, CJl€AOBaTeIbHO, AMMHOMETHJIMpOBaHHe CeHusdeppoleHa HeT Mpenmyulect- 
BeCHHO B CBOOOMHOe WHKJIONCHTAMeCHHJIbHOe KOVJIbIO. 

Ilpu cynpdupopanuu denusmdeppollena uoKcaHcysboTpHOKCHAOM B yc- | 
JOBHAX OOpasoBaHHA cbeppOleHMOHOCYJIb(POKUCJOTH MBI NoOwyunaM 1,1’-dhennsi- 
dbeppollency 1bdoKucuory. 

SO,-quoKcaH 
CyHsC;HaFeC;H; a C yH;C;HaFeCsHaSO3H 
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joa Obiyia BLIeeHa B Bue CBHHLOBO comu. OOpas0BaHHe reTepoaHHy JAp- 
Hl CyIbOKUCOTHI TAKE YKASbIBACT HA MeHIIYy!0 peaKUMOHHYIO CIOCOOHOCTS 
KJIONeHTaAMeCHMIbHOTO KOvIbIla, CBASAHHOTO C cbeHHJIOM. 

“ApkKo MpoABAsAeTCA NesaKTUBUPyioulee BM AHHE (peHUJIbHO rpymmbl Ha cep- 
HeHHsbHOe APO NpH peakuuu Dpusema — Kpabrea. Tak, mpu allumupoBa- 
mM cmecu (peHHIdpeppollena UM (beppollena XMOpHCTEIM AlleTHJIOM B MIpHCyTCTBHH 
OpucToro asOMMHHA (BCe KOMMOHEHTHI Obi BSATBI B MOJIAPHOM COOTHOLICHHH 
(1:1; 1) mb nonyansn aneTusepporen C BEIXOAOM 25% of TeopeTHYeCKOrO, 
emecb aleTusdenHlcep polleHoB — C BbIXONOM JHIIIb 5%, lip 3TOM BepHYJIOCb 
3 u3MeHeHHA 64% hennsdeppouena u 80% depporeHa. CrelopaTesibHo, dep- 
eH alleTHupyeTCA SHAYMTeJIbHO Jerue dbennsdep polena. 

Hutposanne exusdeppowena MbI MpOoBOAMJIH 3THJHUTpaTOM B cpese Cepo- 
wiepoja B NpucyTCTBHA AICl, vu nonyausm n-HuTpodeHMep pole C BbIXOAOM 
'% oT TeopeTHuecKoro. 


eure? hoe Rape NOs 
# Rr eH ONO, NY nee ; 
ah Fe Sea eke 

a | aS WANCLY  exogs 

h. bs va 


f.. OTMETUTb, UTO OCHOBHOE KOJIM4eECTBO n-HUTpoeHusdep polena HW 4aCTb 
sTipopearupoBaBilero (benuspeppoleHa BbIeMAIOTCH B HeOKHCJICHHOM Bue 
He B cope KaTuona). OueBuylHO, peak HUTpOBaHUA TpoTeKacT C caM¥M 
eHHIdeppolleHoM, a He C ero KaTHOHOM. IIpu stom oOpaiiiaeT Ha ceOa BHUMaHHe 
oxpaHeHue (heppolleHHJIbHOrO Apa B STUX YCOBHAX, BepOATHO, BCJIeACTBHE 
@CKOJIbKO TOHW2KEHHOH MO CpaBHeHHIO C PeppolleHoM CHOCOOHOCTBIO K OKHCJIC- 
MkO B KaTHOH. Cam (beppolleH B 9THX YCJOBHAX IPOHHTPOBaTh He yaaercs. 

~ Hain nonpirku HATpPOBAaTb deppolleH Pas/IM4HbIMA peareHTaMu, B TOM 4MCJIe 
OpodropHAOM HUTPOHHA, He MIpuBe/IM K ycnexy. Bo Bcex cily¥aax MpoucxoAAuJo 
Kucuenve deppolleHa B KaTHOH, KOTOPbIMt MHepTeH B peaKkILMAX 3JIEKTPOWMJIb- 
loro saMeuleHHA (*). 


i 


, SKenepuMeHTaAbuHaaA YACTL 


'AMWYHOMETHAUPOBAHHe penurdeppowen a. B cmecb 
(0 ma neqano CH,COOH u 4r H;POs. ya. B. 1,735, oxsaxKeHHyt0 AO 10°, 6bIsI0 
ie ois jo6apnexo 2,25 r (0,019 mona) TeTpaMeTHJIIHaMMHOMeTAHa, a 3aTeM 
7 (0,015 Mousa) cbeHusdeppowena. PeakitMoHHaad Macca lepeMelIHBaacb B TOKE 
igoTa B TeyeHHe “aca TPH KOMHaTHOM TemmepaType uM 10 uac. Tipu 110—115°, 
locs1e STOFO Opiia pasOaBsieHa BABOe BOLOH, H HE BOWeMUNH B peaKiMio (eHHJI- 
beppouen (1,5 r) 9kcTparMpoBaH 6en30n0m. K Kucslomy pacTBopy o0aBeH 
10% pacrpop NaOH u (N,N-aumernsamMnomerut)-eHuep pollen 3KcTpa- 
‘MpoBaH S*pHpoM. Tlocne oTrouku acbupa nostyyeHo 2,6 Fr aMMHOMETHJIMPOBAHHO- 
"Oo cbenusdeppowena B Bue TycTOrO TeMHOTO KpacHOBaTO-KOpH4HeBOrO WBeTa 
Maca. Bpixos, 54% oT TeopeTuuecKoro, CHHTaA Ha B3ATHIM B peakItHIoO (eHHJI- 
beppouen, u 6%, cunTad Ha BOIWeMMUM B peakUMio deHuseppollen. 

¢ (N,N-qumerusiamuHometHsi)-penu sep poner Oblul meperHaH B BakyyMe. 
xun. 150—160°/3 mm; np 1,6315. 

i Hafineno %: C 72,09; 72,05; H 6,85; 6,87; N 4,88; 4,85 

Y CipHaNFe. Brruncaeno %: C 71,48; Fe Groos N 4,39 

B u.- K. cnekTpe MojyyeHHOoro (N,N-aumerusiammnomeru)-denusep pole- 

A MMeIOTCA CyaOble MOJIOCbI NOTIOWLEHHA B o6mactu 1000 u 1100 cm *, cuefoBa- 
JIbHO, OOpasyeTca CMeCb reTepo- H TOMOAHH yAPHDIX H3O0MePOB *. 
Yonumetunat(NNaumeTuaamMunomeTu a) eH H J-e p- 
wena Obl nosyyeH ModaBeHHeM CH,J Kx pactBopy 3,2 Tr aMMHoMe- 
jMpOBaHHOrO (peHusdeppouena B a6comioTHoMm CH,OH (vam B Oensoue) Hu 


* B neperHaHHoM mpemapate MOrviouleHne B sToit O6aCTH 3HAUHTeIbHO MeHee HHTCHCHBHO, 


M B HeleperHaHHomM. 
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yepes 15 Mun. ocaxkJen GoubIIMM KOIM4eECTBOM Cyxoro apupa. Tlonyyeno 4, 
(BbIXO] HOYTH KOJIM4eCTBEHHbI) fioqmMeTusata, TIpeACTaBJAOMLero CO6OIO *KeN 

fe} 
KpucTasliMmueckoe BeulecTBo. T. pas. 70—75°, 


Halineno %: C 51,77; H 5,40; Fe 12,50; N Pron 
CoH NJFe. Brrancneno %: C 52,09: H 2440; 10 12,42) Nes 0g 


B u.-K. cnektpe fioqMetusiata, MoulyyeHHOro U3 meperHanuHoro (N,N-aquMmet 
AMHHOMETHJI)-penusieppollena, OTCyTeTByeT MNoramoulenue B obnacTH 1000| 
1100 cm, caeqoparesbHO, 3aMentatomme Tpyllbl HAXOAATCA B Pa3HBIX HK 
Me€HTaHeHHJIbHbIX KOJIbILAaX. 

I,l’-Metundbenuadepponen. Bonu pactsop 4,3 r (0,0093 wi 
Jif) HosMerusata (N,N-qumernuiamunHometuan)-cbenmsbep potena * Obl npHa 
K aMaJIbraMe HaTpUA, IpHroToBsJeHHol u3 24 Tr Hatpua u 24 ma PTyTH. CmMe@ 
HarpeBasiacb pH 80—90° B TeyeHne 4 yac, Merunennapepponer 6b SKCTpe 
THPOBaH M€TPOJIeHHBIM 9MPOM M OYMMLeH XpOMa orpaduyuecku Ha Al.O;, a 3aT@p 
NepeKPUCTaLIM3OBaH H3 TeTpOeHHOrO acbupa u U3 3ITMMOBOTO cnupta. Bpixd 
1,8r(71% or TeopeTuyeckoro). T. na. 88,5—89,5°. 


Hatijeno %: C 73,69; 73,63; H 6,00; 5,92; Fe 19,86: 2h) Ae 
CywHyFe. Burumeneno %: C 13,932 tle) lehae Ben 2022 


CmeniaHHaa mpo6a c 1, 1’-meruucdbexumbepponenom, NOJTYYCHHSIM HaMi pandse 
(°) apHimpoBanuem MeTHJIeppokena, iaBHJIacb 6e3 Lenmpeccun. M.- x. ciekTp&§ 
oOOX HpenapaTos HeHTHUHEI, NOromeHHe B OOnacTH 1000 nu 1100 cm orey4 
cTByeT. Cao6olHoe HK IONeHTaMeHHAbHOe KOJIbILO OOHAPYAXHBaeTCA C MOMOLLb 
W.-K. CH€KTPa TOJIbKO B BEILECTBE, BbIeeHHOM M3 MATOUHSIX pacTBopos. 

Cyabpmupospannue hbeuuamepponena. K pactBopy 10 
(0,038 mona) dexusbepporena B 100 ma AMXJOpsTana ObIO LO6aBsIeHO TIpH ox 
JaKLeHHH JIbyOM 10 r (0,060 mona) cBexenpuroroszeHHoro AMOKCaHcy Bor py 
okcuyla. Uepes uac oxsaxeHue Obiwio CHATO PeaKWHOHHad CMeCb ocTaBueH| 
Ha CYTKM. 3aTem cybOKHCAOTH OBI SKCTParHpoBaHbl BOON. 

HoOan.ienvem KapOonara cBunta K BOJHOMY pacTBopy enn cpeppomencysp| 


(OKUCJIOTH! MomyyeHa ee cBHHIOBAA COjlb, KPHMCTaJWIM3yIOulaacaA C 4eTHIPbMs 
MOJIeEKYJIaMH BOUT. 


Halineno %: C 39,99: 39,68; H 3,97; a ES 
C3eH34019S2FesPb. Buruwceneno % 3 GC 39),96: H 


? 


B U.- K. CiekTpe cBuHMOBOL conn OTCYTCTBYeT NOrouleHve B OOnacTu 100( 


WK JIONeHTAaMeHHJIbHBIX KOJIbILAaXx. 


Henpopearuposasuinit cbennuideppouen B MpOMyKTax peakuMu He Obi 06 
Hapy2Keu. 

Koukypupywmee AameTHINPOBaHue heppounena 
HM beuundepponena, Pacrsop 1,4 ma (0,02 MOJIA) XJIOPUCTorO alleTH 
ma u 2,66: r (0,02 Mowa) AIC]; B 10 mat a6c. apupa Obit mpuOaBieH B TeyeHHe 
20 MMH. TIpM nepememmBanun kK pactBopy 3,72 r (0,02 moms) cbeppouena u 5,42 r 
(0,02 mows) (benudepporena B 100 ma CSp. IlepemeummBanne mpogom«Kasocn| 
45 MHH. TIpW KOMHAaTHOIi TemiepaType 4 30 MMH. IpH HarpeBaHMH Ha BOLAHOT 
Oane. Peakuua nposoguuach B ToKe yucToro a30Ta 

OxulakeHHad peakuHoHHas cMech Oba BbIIHTa Ha ex (300 r), CMeL aH HBIM | 
¢ 2 Mua Kou. HCl. Bonusii cnoit OTMeCH, BOCCTaHOBIeH Na2SO, mu mposKerpa-| 
THPOBAH S—UpoM. OpupHble BLITAKKH COeLMHEHBI C CepoyrviepOAHbIM CJIOeM, IIpo- 
MbITbE 2N NaOH u popoti u BbICymeHb! Na2SO4. OctratoKk nocse yWaJleHuA pac-| 
TBOPHTeIA B BakyyMe Obi PacTBOpeH B cMecu (1 : 1) metpouelinoro supa u 6eH- 
Soa M Xpomatorpaduposan Ha AlsOs. Ilerponetitem sdupom BEIMBITHI cbep pomed | 
M denunbepponex, cmecpro (1 : 1) nerponetinoro apupa wu GOex3071a — aleruu- | 

CPPpOleH HM alleTHAMpOBaHHBIe (pennadeppouenst. Bryjeneno 1,1 r (30% or B3a- 

TOPO KoJIMYeCTBa) (beppolena, T. WI. HT. TT. CMellaHHOU mpo6st 173—174°; 3.35r 

* Tloayue 
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H H3 HeneperHaHHoro AaMHHOMCTHJIMPOBaHHOrO dbeHuAdeppouena. 


7 

) beHusmpeppolena, T. MW. MT. TW. cmemanuon mpodsr 109—110°; 1,15 r 
xon 25%) aueTusmpepponena, T. M1. wT. Mu. CMeulaHHoli mpoOst 83—84°, u 
r (5%) cmecu auerusbenunpeppomexos, T. m1. 69—73°. 

t Haiineno %: C 71,40; 71,57; H 5,50; 5,40; Fe 17,96; 18,18 
)CisHigOFe. Buruucaeno %: C 71,07; inl doen ole Fe 18,36 


B u.- K. cnekTpe cmech umMeeTca ca6oe NorionleHve IpH 1106 u 1002 cm’ 


fy emecH alleTusbenusbeppOleHOR MHOFOKpaTHOU ApoOuoH KpHcTaJIM3alnen 
-cmech neTposieliHoro adupa u scupa (2 : 1) Bpijeren reTepOaHyJIAPHbIM alle- 
a ie T. na. 88,5—89,5°. JlureparypHbie Janupie (°): T. m1. 
5—93,5°. B u.-K. CleKTpe OTCYTCTBYIOT YACTOTHI B o6sactu 1000 u 1100 cm ?. 


yy 
is 


(2 Hatineno %: C 71,31; 71,30; H 5,43; 6,51; Fe 18,20; 18,06 
y CigHygOFe. Baruncneno %: C 71,07; ee 5,003 Fe 418,36 


THuTpopauune benundeppowena. K cmecu 2,62 r (0,01 Moms) 
Aundeppouena, 13,5 r (0,1 moms) AlCls u 50 mat CS2 Obit IIpHOaBseH pu mepe- 
fiupanun p Teuenve 10 mun. pactsop | ma (0,1 MOJIA) STHJIHUTpata B 25 MA 
Ilpu sToM o6pa3oBasica TeMHEIM ocayoK, a Cepoyrepoyx OGecIIBeTHJICA. 
yrepom OLIN cAuT, OcTaTOK OOpadoTaH 2 N HCl. Ocayox orduibTpoBay, 
OMBIT BOMO, BbICyINeH HM 9KCTparupoBaH 3(pHpOM WO OeCIBETHBIX BbITAKEK. 
Mp OTOrHAH; OCTATOK PacTBOPeH B neTposeitHom supe H xpomaTorpadupoBan 
Al2Os. BaizeneHo (BbIMbIBaHHe IpOBOJHIOCb MeTPOsIeHHbIM 3dbupom) 0,1 r 
omnoro dbeHudeppomena, T. MI. WT. MM. cMemlaHHol mpodnr 109—110° 
1.35 © n-HuTpodenumdeppouena, T. m1. 167—168°, cmenlannasa mpo6a c n- 
Tpobenusteppoexom, OJLYYCHHEIM HaMM paHee(°) apuupoBanuem cbeppo- 
Ha, aBulacb Oe3 Mempeccuu. 

‘ComaHoKucmblli pacTBop Obl BOCCTAHOB.ICH SnClz (50 r). O6pa30BaBuinlicsa 
pu4HeBOrO WBeTa OCaMOK Obi OT*PHJIbTPOBaH, MPOMbIT BOJOH, BbICyINeH H 
eTparupoBakH neTposeliHEiM sPupom. Pactsop Obl XpoMaTorpadupoBaH Ha 
203. Tlonyyeno eme 0,15 r hbenusndeppomena, T. MI. 109—110° u 0,05 r n-HuT- 
benuadeppouena, 7. m1. 167—168". 

Beero spigenexo 0,25 r (9,5% B3xaToro KomuuectBa) denusmdeppouena u 0,401 
BUTp odpenusmbeppouena; BbIxon 13,0% oT TeopeTHyecKOrO, CUHTad Ha BeCb 
ATH B peakimio cenusmeppouen, u 14,2%, cuNTad Ha MpopearupoBaBWIUH 


fuabeppouen. 


'MockopcKuHit rocyapCcTBeHHbIM yHuBepCcuTeT Tlocrynuao 

: um. M. B. JlomoHocosa 19 IV 1961 

& 
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Ugeu-koppecnonyent AH CCCP A. B. HOBOCEJIOBA, 10. M. KOPEHEB: 
nu FO. Tl. CHMAHOB 


HCCJIEMOBAHHE CHCTEMbI KF—ZrF, 


@ropuk UMPKOHUA Cc TOpHAaMM WeNOUHEIX MeTaNOB OOpasyeT TBOUH 
COJIM C1OX%KHOFO cocTaBa. Tak, B cucteme NaF—ZrFa, n3yuenHoi BapTonom Hu Jy 
(1), oOHapyxKeHBI [Ba KONTPYSHTHO NaBaAnneca coequHeHUA NasZtF7 u NazZror 
TPH COCMHEHUA, IaBALLMeCA HHKOHTp yIHTHO —NasZreF is, NazZrFe u NasZraP 
OHO coequHeHHe — NasZreFu, cylecTBy1ollee TOJIbKO B TBEPAOM COCTOAHHH) 

Ilo muTepaTypHbiM faHHpim, KF u ZrFa oOpasyeT coegunenua: KsZr 
KoZ1Fe u KZrFs. J[narpamma maapKocTu cuctempl KF—ZrFa (10 65% Zrbp 
uccyieloBaHa B padotax (?,%), MO-BHAIMMOMY, BH3YyaJIbHO-NOJIHTepMHYeECKMM Mil 
TOIOM, TaK Kak B paOote(*?) Ha AMarpaMMme STOH CHCTeMbI He yKa3aHb! (PasOBHe 
MOJIA HWKe JHHMN comMsyca. B pabore (*) TakKe HET yKa3aHHH Ha MpeBpally 
HHA B STOM CucTeMe B TBepOM COCTOAHHH. 

B HacTosmleH paOoTe HaMH MponsBeseH AudmepeHuMabHbid TepmMuyecK 
aHasiv#3 MW peHTreHodasoBoe MccsefoBaHHe cuctembl KF—ZrFs4. MTopuctTay 
IMpKOHHH, 10 aHHbim padots (*), mpH 405+5° ucnbITbIBaeT NOMMMOPDHE 
npespamenne. Ilyaue (*) onpexenua napameTpbl HA3KOTeMNepaTypHOH MOK| 
KJIMHHOM MoguduKanun ZrFa: a= 9,46 A; 6 = 9,87 A, c= 7,64 A; Bo 
= 94°30’. Ilo onpeqenenuio Baptoua (1) ZrFs nnaButca npu 912°. Ceuc u ae 
(°) onpenemmuIm 3aBucuMocTb LaBlenusd napa ZrF4 oT TemnepaTypbl; NO UX Mal 
HbIM, TemiepaTypa BosroHKu ZrFa 903°. 

Mcxoqune Bemectsa. Jina wccieqoBaHuA CHCTeMbI HaMH Obl 
nosyuen Topuy KasiuaA oG6e3sBoxKUBaHHemM KF -2H2O; dTopuy UHpKOHHA M 
roTopuad u3 (NHa)3 ZrF7 otronKoli dbropucroro aMMOHUNA B TOKe COz. CHHTe 
(NHa)s ZrF7 npoBoxusu mo MeToquKe, OnucaHHOM B pa6ore (7). | 

J\.14 NpMroTOBeHHA CiaBOB, Comep»xKallHx MeHee 33,3% ZrFa, Mb HCHONE 
30BaJIM TOPHCTHIH KaIHH WH MMelollMiica y Hac mpenapaT KeZrFe. CnaBb 
cofepxatine Oonee 33,3% ZrFa, roTOBMIMCbh CnwaBJIeHHeM PaCCUMTAaHHbIX KG 
gmuecTB KeZrFe u (NHa)3 ZrF7 B Toke COs. M3-3a meryuectu ZrFa cnsaBel c cd 
jep2kaHvem ero Ooviee 75% Mbl He UcceqOBanN. PesybTaTbI aHasM30B HCXOD 
HBIX IlpemapaTOB MW NOJIY4eHHBIX CIWaBOB Ha KaJIHH, WMPKOHUH u STOP xopor 
CoBlalaJiH C BLIYHCJICHHBIMM 3HAYeHHAMH. OmmmOKu ompeseyieHHA He MpeBblilad 
0,2—0,25%. 

TepMuueckui mw peuTrenoda30BH aHanu3 cH 
cTemut KF—ZrFa. Tudbpepenuuanpupili TepmMuueckui ananus npousBosnT 
Ca Ha mupomerpe H. C. KypHakopa ¢ McnoOb3OBaHHeM I1aTHHa-MaTHHOpO 
AMeBou TepMonapbl. B KayecTBe 3TaIOHAa CJIy2KNJIa OKMCb asIOMHHHA. CnslaBe 
AJIA TEPMMYECKOTO aHaN3a Opaucb B kosmMuecTBe 0,5 r. Jia cnaBos, cosep 
mawux JO 33,3% ZrFa, 3anuchrBanucy KPMBble OXJIaxKJeHHA H HarpeBaHHsA 
Jina cnaBos c cogepxKanvem ZrFa Gonee 33,3% 3anvcbIBanucb JMLUIb KPHBbI 
OXJAKNCHHA, TAK KaK IIPH MeJVJICEHHOM HarpeBaHHU CMWaBOB COCTaB UX 3aMeT 
HO W3MensAscaA. Jka Toro YTOOLI YMeHbILMTD notepro ZrFa, cnwiaBbl BHOCHJII 
B ll€db, 3apanee HarpeTyio NO TemnepaTypbl, HECKOJbKO MpeBbillarollel TeM 
nepaTypy IlvIaBJieHuA CiwiaBa, a 3aTeM Yepe3 HECKOMbKO MHHYT NeUb BbIKJIIO 
“aid HW SamMCbiBaId KPHBYIO OXxsaxKIeHuA. TemnepaTypbl OTMeyanucb 1 
HayaJly oppexta Ha Audhepenuanpuoli KPHBOH. 
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[ia peHTrexoBckoro MCCMeMOBAHUA CHaBbl H3MebUaIHCb H C THOMOILbIO 
OH-JIaKa HAHOCHJINCb Ha TIMpeKCOBbIM YCHK. @rTopucrElt Kam UM CHaBbI C 
pIIMM eFO COepKaHHeM CHHMAJHCh B 3ananAHHbIX KalwJJiapax M3 CTeKJa 
exc. PentreHorpaMMbl CHHMaJIHCb B Kamepax PKJI-57 na Fe-u3sydenuu. 
B cBpi3u Cc TeM, 4TO Ha 
(BLIX HarpeBankA KoZ1Fe =r 
apyxeH pa spekTOB, = 990} 
3aHHbIX C ero lpeBpa- 
{MAMM, HAMM OblIa fpo- 
leleHa CbeMKa PeHTTeHO- 
imm KeZrFe mpu 260 u 
° B kamepe «YHHKaM» (°) 
‘tpyoxe BCBJIT c med- 
mM aHojom. Tipu Coulee BbI- 700 
coi Temmepatype CbeMKy 
OM3BOLUTb ODIO Hesb3A 
a. B3aMMOMeHCTBUA 
ZF c KBapuem.* 
erpauna cocTOAHHA 
erempt KF—ZrFa, noctpo- 
yaad HAMM Ha OCHOBAHHH $00 
omMuuecKoroO HM peHTTeHO- 
woporo aHaiu3a, mpes- 
apena Ha puc. | u 2: 
‘CwHTeSHDOBaHHBIM HAM 
opu UApKoHHA §mpew- 
|aBIAT COOOM MOHOKJIMH- 
fio MOMMUKALMIO, OUNCAH- — 300 
yo B padote (°). Kia KpH- 
yi ero HarpeBaHua OOHa- 
pKeubl sHoTepMudeckue 
pbexTst mpu 612 u 685°, 200 
yoTBeTCTBYIONINe mpeBpa- 
(eHuAM B TBepAOM COCTOA- 
AM, pH MOBTOpHOM Harpe- = 799 
anun xppekT pH Gb2, .oT- 


400 


yTCTBOBAll. 

-B cBasu Cc CMJIbHOM Je- 

yuecTbIo ZiFa pu Harpe- oo OR 240 50,60 ~ 70 80 «SO ere, 
auuu, HauMHaa c 880" Ha Mon. % ZF, —>= 


epMorpamMe  oTMewaeTCa mie AS on RAG en ih 
} i ac. 1. CucremMa — ZIr'4. a30Bble NOJA: = + 
| etau. etal ae +x; 2—Ks3ZrF7 + &; 8—KgZie Fig-+%; 4—TB. pacts. 
ep t Pp - tx: &—6-KoZtFe+ K, 6— y-KoZtFe + *&; 7—Y- 
ioTepMudecKHH APPERT,  KZrF 5 -- 34 — B-ZrFy + «x; 9 —a-ZrF, + *; 10 — 
OOTBETCTBYIOWHH  JlaBuIe- a + K3ZrF;; 11 pea ete 12—tB. shew 
| 3 —Te.pactB. + O-KeZTl 6; — TB.pactTB. + 7-KeZrFe; 
eae ne LOWE PACT = aig a-KeZrFe; 16 — y-"“2ZrFe + -KZIF 5: 
sg PHITBIM = 77 _y-KeZrFs + B-KZrFs, 18 —1-KeZtFe + a-KZrFs; 
iqaTHHOBBIit qurenb C ZtFa 19—y-%977Fs + KeZroFai; 20 — y-KeZrFe + B-KsZraF is; 
iHECTH B Meub, 3apaHee Ha- hohe Salle i alae ig a- Ms 8 S I 
i __940° Lu 3ZteF 1; 238 —B-KsZreFur + A727 6 a1, 24 —a-KsZreFut+ 
| eee a hed HBA KyLrabins aK Arey Kale ay 26 —a-KZrFs + 
"eM, BBIKJIIO medb, 4 a-ZrFa; 27 —- B-KZrFs+ o-ZtFa; 98—y-KZrF5+0-ZiF 
faTb KpHByl0 OxaKeHHA, 
bo sdipexT 3aTBepleBaHua ZrFa waOmonaetca upu 903 5°; Mpu Aadb- 
fefiiemM OXaKIeHUU MoMMOppHoe IpeBpallleHHe MIpoucxosuT mpH 685°. 


MopucTEt Kanu, MO HallM AaHHBIM, niaputca mpu 850°. B cucteme 


* Korja HacToaulaa padota 6nia 3aKOHYeHa, B MeyaTH NOABUMACh pa6dota (*) 0 Tep- 


wecKOl YCTOHYMBOCTH Hi noaumopdusme KeZrFs. 
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KF—ZrFi o6uHapyKenb crenyiouyue coequHeHHaA KsZrF7, KsZreFis, KeZri 
KsZreFu, KrZreFs1, KZrFs. ®tropuupkonatsl KsZrF7 u KZrFs naapatca Ko 
rpySHTHO pH Temmepatypax 923 u 455°, cooTBeTcTBeHHO. DTOpuNpKoHag 
KsZreaFis nu KoZrFe o6pa3yroTcA MO MepHTeKTH4YeCKHM peaKIHAM: 


K ZrF, + pacnaap (KF, ZrF4) <2 KsZreFis, 


K3ZrF, + pacnaas (KF, ZrFy) = KeZrEe. 


@topuupkonate KsZreFir u K7ZreFs1 CyuecTBy!0oT TOMbKO B TBEPAOM COCTO} 
HHH HWKe 327 u 380°, COoTBeTCTBeHHO. IDBTeKTUKa MEY KF u KsZrF, sexy 


| | | KF mon. % 
KF 100 
0 20 | 30 wo 4s 
Cette cul I [aL Es 
10 20 30 iors 
Pete hia a 75,00 


10 20 30 40 45 


See PST erent 7085 
10 20 30 40 45 
vee em te WAT I Tea be 66,66 
10 20 30 40 45 
By ically estat 118, Sanaa 6280 
10 20 30 40 45 
coro re le ce 
10 20 30 40 45 
Sitecval meena eNO ew sn 2 5877 
10 20 30 40 45 
PSMEWA Aether ORWELL oes 
10 20 30 40 45 
ste, Ltt at titi | its 1 syag 
10 20 30 40 45 
i li Ne Ca itil il ne hal 53,00 
10 20 30 40 45 
mE alt tS Lu Kalk aay 5167 
10 20 30 40 45 
KF-2rf, + mate ill | ee, 
20 30 40 45 
10 iT 20 30 40 4§ 
Sail th L ral d Rh ws Ra 25,07 
10 20 30 40 45 
LO aan } 0 
10 20 30 40 45 


Puc. 2. Ulrpux-yjuarpamMbl coequnenuit B cH- 


creme KF —. ZrF, 


° 


585" 
< 


mpu 760° u 13% ZrFa; mMexay KsZrk 
u KZrFs npu 430° u 47% ZrFa,) 
mMexkjy KZrFs u ZrFa npn 440° @ 
60% ZrF 4. 

Y cropuupkonata KeZrFs o6né 
PYXKeHbI HECKOJbKO MOMHKALM 
(puc. 3). Ilpeppamenua KeZrAh, 
MOXKHO W300pa3HTb Cxemoil: : 


240° q B-KeZrF, 298° 445°" 
a-KeZrFe7 + Nv y-KeZr Fy 


130° 


585° 
28-KoZrFs Kk + KgZtFz. 


@MtTopunpkonat KZrFs McrbiTEIBae 
MOJIMMOp@HbIe 


Ba KsZreFir mperepnesBaeT mou 
MopdHoe mpeBpailenve pu 313°, 
KsZrF7 umeeT oJHY MOAMUKAaLHIOY 
KPHCTaJJIM3YIOWULYIOCA B PpaHelleHT 
pHpOBaHHOH KyOuueCcKOH pelleTKe 


“Ko ZPF, 
alles 20 
A-KoZrF 

gee 8 20 
o-KyZrF, 

ee a 


Puc. 3. Ulrpux-zuarpammel a,8,7-moqu@u- 
Kauul KoZrF¢ 


a = 8,966 + 0,003 KX nm o6pa3yer TBepmbi pacrnpop c KeZrFe (B o6macTH. 
fs 


3—75% KF). 
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Jloxruaygn Akagemunm nwayx CCCP 
1961. Tom 139, Ni 4 


XHMHA 
Axayemux AH YCCP B. H. CBEUHHKOB u A. K. WIYPHH 
JMAPPAMMA COCTOSHUM DKEJIE30 — rA®HUM 
Paunii —| TyromiaEKuli, peaKuH, pacceAHHbI MeTa. CBolicTBa ero u3y- 


J elle 'HELOCTATOUHO XOPCINO, TAK KaK JO NOCeAHETO BPeMeHH eFO HE yaJIOCb 
yuUTb! 6e3 3HaYHTeJLHOTO KOuIMYeCTBAa TIpHMecelt (rmaBHbIM O6pa30M ILMpKo- 
\). Temnepatypa nuapienud rabunsa He HIeHTHPHUNpOBAaHA, Tak, NO JuTepa- 
HIM JaHHbIM: 2230° (’), 1975-25" (Cy, 2222430. ©), 2130415" (°). B rad- 
SumeeTcad alsloTponuueckoe ipespalileHve, TeMiepaTypa KOTOpOrO TakxKe lO 
Mnop TOuHO He ycTaHoBvieHa. Tak, 10 JaHHbIM HeCKOJIbBKUX vicceoBanuli TeM- 
aTypa avOTponMuecKoro MpeBpallleHHA B rapuun papya: 1310+10° (°), 
0 (°), 1750220° (7), 1950+100° (8). Hozo06Ho unpkKoHuto HU3KOTeMMepartyp- 
IMoludukaia racHus UMeeT MJIOTHOYMaKOBaHHy!0 PEKCarOHaJIbHYIO pellicT- 
“a pbicokoTemnepaTypHad — KyOuuecKy!0 OObeMHOLCHTPHPOBaHH yt. 

B surepatypHbIx UCTOUHUKaX Hamu He OOHapy2KeHO cBeleHHH o uarpamMe 
TOAHUM CHCTeMbI 2%ee30—radbunii. Mmerwrtcs JIMIIb MpOTHBOpedMBbIe CBe/le- 
1 00 unTepmetTaimupe Fe,Hi. B cratbe (°) yKa3biBaeTCa, YTO HHTEPMeTAIIN 
‘eT JIBe TOAUMOpuLIe MoLMuKaWM. BpicoKoTemmepaTypHad MomupuKkannA 
seT TekcaroHabHyio peweTKy (a = 4,952, c= 8,087 KX) uw HaOmOfaeTca 
Opasilax, 3aKaJIeHHbIX OT TemMepaTy ppl 1600°. HuskoremnepatypHax Mosndu- 
(ua umeeT KyOuueckyro pemetKy (a = 7,011 KX)u HaGmlosaeTcA B OOpasiax, 
‘aJICHHbIX OT TemMepaTyp 600—1400°, napsay ¢ HeOOJIbIIMM KOJIM4eCTBOM BBI- 
lOoTeMiepaTypHoH MosMduKallun. 

IB ctatbe (1°) Toro xe aBTopa He MOATBepxKaeTCA CylleCTBOBAHHe B HHTep- 
‘anuuge FesHf nuskoTemnepaTypHOH MOAMDHKAaIMN, a yKa3bIBaeTCs JIMIUIb, 
| KpucTamuueckad pemieTKa HHTepMeTa/IMa PekCaroOHaJibHad, THMA MgZnz, 
IMeeT lapaMeTpbI: a = 4,970, c= 8,109 kX. Temnmepatypa nlaBjeHua HH- 
metanaiga 1650°. 

5 Hele nosBuBiuelica padote (1!) yKasbipaeTcA, YTO pacTBOPHMOCTh rap- 
1B O-KeNe3e TIPHOMM3HTeIbHO paBHa 0,2 Bec. %. 


, 


\ 


MpuUroroBjsenue Ci ma3Os M Mmeror gt Hee WeWO Bid Ht 


BO/IBWIMHCTBO CHaBOB OblIO H3FOTOBJIEHO Ha OCHOBE 3JICEKTPOJINTHYeCCKOLO 
jlesa, TOMBeprHyToro OYNCTKeE OTKUMTOM B BOLOpose, a 3aTeM B BaKYYME- 
apnenne STOFO xKese3a B KOMMAKTHBIe OOpa3ilbl NpoHsBOMJ0Cb B AyroBolt 
u. Uactb cnmapos Obluia H3TOTOBJeHa Ha OCHOBe KapOOHMJIbHOTO Kees. 
ee yKasaHHOH OUMCTKM xXKeesa COLepKaHHe B Hem yrslepowa, KPeMHHA, 
Dranila, cepbl, docdopa, as0Ta He MpeBbilllaso 0,01% KaxKyoro. 
'B KauecTBe BTOpOrO KOMNOHeHTA CMWaBOB NPHMeHAJICA MeTaJJIMYeCKHH 
Iuinbit rabuuii, CCHOBHOM MpuMecbio KoTOpOroO ObuI ILMpKOHHU B KOJMUeCTBe 
% uw Momu6leH B KOuIMUecTBe 0,2%. CraBbl NpHroTOBJIAMCh B IyTOBou 
m (2) B armoctepe uncroro aprona. [na JocTHKeHHA OAHOPOAHOCTH CJIMT- 
NpuMeHAach 5—6-kKpaTHad epenaBka. Bcero 6piio usroToBseHO 25 cria- 
CosepwKanue rapuva u yruiepofa B cMulaBaxX KOHTPOJMPoBasoch XHMH- 
M AHaJIM30M, Pe3YJIbTATbI KOTOPOTO TIPMBEAeHbI B TAO. i 
epMHYECKHA aHanHS CIvlaBOB NpOMsBOAMICA Ha yCTAHOBKe, olucaHHOK 
adote (2) c mpyMeHeHHem TepMonap BoJDpam— upwiuih u BP 5/20 
5% Re—W-+ 20% Re). Jiunatomerpwueckui aHaiH3s NPOvSBOAMICA 
895 


¢ vicMOIb80BaHueM npHOopa, onucanHoro B (™). IIpu pa6oTe fo TemmepaTyy, 
1000—1100° mpumeHaacb xpoMesib-amoMemepad Tepmonapa, a Ana 11009 
1500°— nuaTuHa-nmaTHHopofuenad. TemmepaTypbl mpeppallleHuH B Cabal, 
NOJYYeCHHbIe YKa3aHHbIMH MeTOaMH, MOFYT OTIM4ATBCA OT PaBHOBECHEIX, TH 


Ta6amunma ft 
Ne Ne Hf, (or | No Ne Hi, G, | No Neo Hf, Gi 
Tn. Bec.% Bec.% | II.1. Bec. % Bec.% I. 1. Bec. % Bec.% 
0,04 ‘9 | 4,08 | 0,010] 17 | 28,70 | 0,010 
0,02 0,008 10 shies} (| Ours 18 AOneT 
0,044 | 0,008 44 eer | OC 19 60,90 


0,008 |} 42 5,67 | 0,007 | 20 70,40 
0,415 0,008 || 43 8,75 | 0,010 | 24 81,25 
0,16 0,007 || 414 14,99 | 0,008 |} 22 90,85 
0,26 0,009 | 45 20,85 | 0,010 |} 23 94,0 
0,53 | 0,007 || 46 25,45 | 0,007 || 24 97.0 
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KaK ONpeleieHHe UX OCYUIECTBIAJIOCb B YCJIOBMAX HelpepbIBHOTO HarpeBa © 
ckopocTbio 20—30° rpai/MMH mpH TepMuyecKoM aHamuse u 0,2—3° rpan/Mip 
pH, usaTomerpnyeckom aHasiuse. JlocraTouHO OM3KMMM K PaBHOBeCHbIM J 
CuuTaIH Te 3HaueHHA TeMnepaTyp MpespaleHHi, KOTOpble ObliM moyueH! 
B yYCJIOBHAX HaHOolee Me.VJIeHHOH 
HarpeBa. 
Paciuudposka (asoBblx cocTaBal) 
JOILHX CHaBOB OCYULECTBJIAI ACh Mf! 
MOMOWLM ~PeHTTeHOCTpyKTypHOro anf! 
J1M3a. CbeMKa PeHTreHOrpaMM IIpowy, 
BOMMaCb B OTPHJIbTPOBAaHHOM KI 
OaIbTOBOM Ka-H3J1y4eHHH B IWHJIMyE 
[puyeckon KaMepe  HameTpe 
143,4 mm. Marunrupiit anasns3 (onp), 
jlesieHve ToukH Kropy) cniaBoB Tipe 
BOMMJICA Ha aHHsomeTpe AKyJ0E 
Cc MIpHMeHeHHem jMdpepeniuMasbHe 

|_| 935%5° | MeTOLHKH, ONMCaHHOH B padote (7%) 


TlonyweHube pe3y a By 
me o6cyxReune} 
Metojamu Aucep env asibHOn | 

0 04 98 12 16 GHF TepMH4eCKOLO MH MJIaTOMeTpHyecKOl, 
aHaJIH3a YCTaHOBJIeHO, 4TO B CH 

Puc. 4 Bax, cofepxamux Jo 45% racuns 

umeetcaA 4 lipeBpallleHvA B TBeEpAO 

coctosHuu. M3 uux 2 MarHuTHbie— B a-2Kele3e H B HHTepMeTamuse, 3 
CBA3AHO C TIpeBpallleHHeM a-*Kee3a B Y-2Kee30 HM 4-e —C IipeBpalljeHHeM 4 
Kelesa B O-Kee30. TemmepaTypa mpeppalleHua G@—y ompelenanacb 
JIATOMETPHYECKHM MeTOJOM TIpH HarpeBe co ckopocTbio Jo 0,5° rpal/MHA 
Ha puc. 1 a mpeqcrapnenbl SKCHepHMeHTaIbHbIe JaHubie. CnIOWIHbIMH TO 
KaMH OOOSHAYeHBI TeMMepaTypbl Hauasla IpeBpallleHua, a KpyxXKaMa — TeMMe) 
paTypbl KOHIa npeppamenus. Ha ocHoBaHHM STHX JaHHbIX paspadoTaH yuac 
TOK J\MarpaMMbl »xee30 — rapHHH, MpeslcTaBJeHHbId Ha puc. 1A. 

IIpespanjenue a—> y B HCXOMHOM xeNe3e, ConepxKaBLIem Jo 0,01% yrnepoma 
mpl HarpeBe co cKopoctb1o 0,2—0,3° rpaa/MuH HaOmMOLanoch B MHTepBasie Tel 
nepatyp 894—905°. Ilo TepmMorpammam u J\uaTOorpaMMaM HarpeBa UM OxJaxKI 

HHA CiJIaBOB HE MpeACTaBMJIOCb BOSMOXKHLIM Pa3JIMYHTb MpeBpallleHHA a -++ &- 
—>Y+ € oTa-—>y. Maxcumasbuas pacrBopuMocts raHus B a-2xKesese (nepuTe 
TOHAHA TouKa), paBHas 0,2%, ompegeseHa Mo MepeceyeHMIo NepuTeKTOU AHO: 
POPHSOHTAJIH C SKCTpanOJIMpOBaHHOM KPHBOH a— y-MpeppalleHua. XapakTepHOl 
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OOCHHOCTHIO ABHJIOCb MOBbIINeHHe TeMNepaTyppl Epeppamlenua a + e—>y + € 
yBEIHYCHHEM COeprKAaHHA TapHMsA B CiiaBax M pacmpocrpaneuue mpespaule- 
A Ha 3aMeTHBI] MHTepBaJ TemMepatyp. 
Tlostomy Temnepatypa lipespallenna 
+ g—y-+ ¢, papHad 935-5”, Obiia : 
pelesena mo AulaTorpamMe AByxas- “00F~ 
ro (a+ ¢) cnmaBa, OmxKaliuero m0 

cTaBy K IlepHTeKTOHAHOM Toke. 

Ilpespautenue y + e—>86 ocyurectB- 

eTCA [10 SBTEKTOWAHOM peakWMA mpH 300 
Mmepatype 1330-L5°. Cocras 9BTexK- 
wyHoro cnmapa 2,8% radpuua. Mak- c/a 
MajIbHad pacTBOpuMocTb rapHud B 1634 
Keneze pasna 1,6% mp 1330°. B 14% 
japax, cojlep»xamux ot 70 qo 99% ie 
puna, oOHapyxeHo Ba Mpespallle- 7630 
‘si B TBepyom cocTosHuH. Ileppoe 1629 
f3aHO C MAarHHTHBIM Mpespamenuem 16287 j7p 
Tepmeraiua u composoxjaerca 1627 
MIeCTBCHHBIM H3MeHeHHeM KosdpuLn- eee 
Ta TepMuyecKoro paciiupenua. Bro- 

e lpeBpallleHve B yKa3aHHbIX BBIIIe 0 198 
Jlapax 3BTeKTOWHOe HM IpOMCXOAUT SiusOnmyso gh) £0. bos at 
m Temmepatype 1235-+ 10° no pe- Cod (Hf\ 6 e-pase(dec %) 
mun: © + on; = Pui + €. 

' Ono CompoBoxkKlaeTcsA 3aMeTHbIM Tell- 
BbIM 2:peKTOM HM 3HAYHTEJIbHBIM yBe- 
yeHHem OGbemMa (lip HarpeBe). ITO SBTeEKTOHAHOe NpeBpalleHve HadwOLa- 
on Jlake B CIiviaBe, Coslep»KalllemM 99% radbuud. CneqopaTeibHo, pacTBOpH- 
MOCTb 2%Kele3a B TapHuH Mala UW 
3aBelomo Meubiie 1%. Juarpamma 
TWIaBKOCTH MOCTpOeHa HCKJIOUNTEJIb- 
HO MeTOJOM JuddepenHuuaIbHOrO Tep- 
muyecKoro aHamu3a. IIpu 9Tom ycTa- 
HOBJICHO, UTO B CHCTeMe 2KEIE30O—-racp- 
HHH CyulecTByeT Ba SBTeKTHUCCKUX 
npespamenua: L6+e npa 1350+ 
110° uL Put e mpu 1300-410°. 
ComepxaHve TrapHus B SBTeKTHUEC- 
KUx clviaBpax paBHo 21,5 u 85% 
COOTBETCTBEHHO. 

PeuTreHocTpykKTy pHbI4 aHaJIH3 
cnuiapop NeNe 17—22, B dasoBblit 
cocTaB KOTOPHIX BXOJHT HHTepMeTai- 
uy, FesHf (e-cba3a), nmoka3a, 4TO 
KpucTalmMuecKkad pelleTKa €-pa3bl 
: ABJIAeTCA TeKCaroHabHOH,  THMa 

Puc. 3 
; MgZne. Jlapamerpst KpucTamuue- 
OH pemleTKu e€-(pasbl onpeseeHbl no MAuAM (226), (233), (118) uw (232). Oru 
PAMeTPLI OKAZAINCb HeOMMHAKOBBIMH B Pa3HBIX MO CocTaBy CIvlaBax, a 
{eHHO: 
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Puc. 2 


IlapametTp bl a C c/a 
Cnnap Ne 18 4,9116 8,0013 1,629 
Cnnap Ne 19 4,9565 8,0964 14,6335 
,/ Chap No 21 4,9756 8,1288 1,6338 
| Tlapametpst KPHCTasIHUeCKOM peweTKH e€-asbi criapa Ne 17 mpakTuyeckn 
BrajaroT c WapaMeTpamu €-asbl criaBa Ne 18. CopmafeHne lapameTpos 


(pasbr ycTanopsieno u B cnuaBax NeNe 20—22. IIpesBaputepHaa o6paboTKa 
an, tT. 139, Ne 4 897 
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oTUX CIVWIaBOB 3akuONaacb B OTAKHTe mp 1200° c nocweqyiouleH 3akaIKou 
Tlockompxy cnstappt NeNe 17 u 18 gByxcpasuble (a + &), TO pH OTKUTe HX ] 
e-(pase yCTaHaBJIMBaJlaCb MAKCHM@JIbHO BO3MOKHAA TIpH TaHHOK TemmepaTypy 
KOHUeHTpanusa xwkenesa. B crmapax NoNe 20—22, Kpome e-asbl, ipucyTcTBye 
(pasa ys, NOSTOMY B €-chase STUX CMaBOB MpH OTKUre YCTaHaBIMBalach MaK 
CHMasIbHO BO3MOXKHAA MPH WaHHo TemmepaType pacTBOpMMocTb rapHua. 

Pazsmmuve mapaMeTpoB KpHcTaWIM4eCcKOH pelleTKM €-Pasbl B HECKOJIDKU! 
cilaBax YKasbiBaeT Ha CylleCTBOBaHHe 3a4MeTHOM O61aCTH TOMOFeHHOCTH €-(a3sblfh 
OnpefeieHve rpaHH ofnocasHo OOacTH MHTepMeTaIIMsa Np 1200° 6naf 
TIpOH3BEeHO IyTeM HeMocpecTBeHHOTO oOMpeweneHHA cosepxKaHuA racuull 
B e-(pase B OTOXK2KEHHEIX pu 1200° crmapax NeNe 17, 18 w 21. Xumnueckun co 
cTap €-(pa3bl Opi mpopezen 1. J]. MapuyKopoli MeTOJoM s10Ka/bHOrO peutrend 
CHeKTpasIbHOrO aHaiM3a Ha ycTanospke PCAII-2 B Vucruryte metasnypru 
AHYVCCGP. 

Coyepxanue raduua B e-pase cnviaBa Ne 18 onpezeneno papubim 50%, ff 
B e-pase cniapa Ne 21 64%. Ha puc. 2 noKasaHa 3aBMCHMOCTb mNapaMeTpog 
pelleTKM €-(asbi a, C u C/a OT cocTaBa HHTepMeTausa. Kak yxKe yKasbiBasocg 
BbIMe, YCTaHOBIeHO, UTO HHTepMeTaua FeeHf deppomarnutes. Marnutuptl 
aHaJIH30M OllpefemeHa TouKa Kiopu €-:pa3bl B pa3JIMUHBIX CIaBaXx, T. e. MIA pase 
Horo cocTaBa &-cpa3bl. TakuM OOpa30M yCTaHOBJIeHO, UTO C H3MeHeEHHeM Coepe 
7KaHUA TabHuA B MHTepMeTamuupe oT 50 qo 64% Touka Kiopu noHmxKaercaA Of 
405 no 145° (puc. 2). B pesyaprate AauTembHoro (cape 100 uac.) ormura cmd 
BOB pH 850° usMeHHJICA CocTaB &-(ba3bl B HHX, a BMeCTe C TEM H3MeHHJIACB | 
Touka Kiopu. B cnape Ne 18 Touka Kiopw monu3uuacb (m0 cpaBHeHHIO c Caf 
CTOAHHeM Tocue OTHKUTrAa mpH 1200°) ot 405 no 377°, a B cnmaBe Noe 21 — noBbe 
cusacb oT 145 yo 170°. Sto usMeHeHHe TouKH KiopH MpousouIO B pesybTAaTy 
YBeJIMUeHNA COLepxKaHuA Tabuua B e-cpaze cnmapa Ne 18 of 50 no 55% Hu yMeHER 
WWeHUA COjlepxKaHuA rapuHusa B €-cdbase cnapa Ne 21 of 64 n0 63,5% (cm. puc. 2)i 
TakuM CnocoOoM HaMe¥eHbI PpaHHb! OJHOdasHOH OOacTU uATepMeTaIMLa., 

TpepfocTb MHTepMeTammga, onpeeseHHad Ha mpuOope Buxxkepca, paBHl 
650 KI/mm®, a Temnepatypa nuaBmenua ero 1810+ 20° (qa cocTaBa, COOTBE1 
CTBYy!Olero CTexHOMeTpHuueckomy cocTaBy FeeHf). Sta TemmepaTypa 3HaudnTeEM 
HO Bbile (1650°) nomyuenHoli B paGoTe 1°). 

JimarpamMa cocTOAHHH CHCTeMbI 2xesle30 — radu, MOcTpoeHHaA oO p 
3YJIbTaTaM HACTOSULeH paOoThl, MpelcTaBseHa Ha puc. 3. 

B saksioueHHe CUHTaeM TIpHATHBIM JOJTOM BbIPaSHTb IpPpH3HATeJIbHOCT! 
li. B. Bopopckomy 3a BbinloswHeHHe B ero Ma6OpaTOpHA OKasIbHOrO peHTreHC 
CM€KTPaJIbHOrO aHaJIM3a H OKA3aHHOe Ip STOM PYKOBOJCTBO. 


VWucturyT metammopusnKku Tlocty Huo 
Akajemuu Hayx YCCP 18 IV 1961 
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10. Jl. CMHPHH, J. K. MOJIAKOB, A. P. TAHTMA XEP 
uw aKagemuk C. C. MEXBEJIEB 


» NOJIMMEPH3AUNSA CTHPOJIA, BYTAMHEHA i H30NPEHA, 
MVHULAKNPOBAHHASA JIUTHH-ITHJIOM B PA3JIHUHbIX CPEAAX 


B paOore ucculesoBalach pasfeubHaA H COBMeCTHAA MOMMMepHsalk A CTHPO- 
1, CyTaqMeHa HM u3OIpeHa, HHHUMMpOBAHHas JHTHH-3THIOM B TOJyoue, TPH- 
WslaMuHe, IHSTHIOBOM apupe, AMOKcaHe Hi Tetparuspotypane (TT'®) c uembio 
JACHCHUA 3ABHCMMOCTH PeaKIMOHHOM CMOCOOHOCTH STHX MOHOMePOB OT HX 
poeHusA WM ycuoBuit nowMMepusamnu. Meroguka 9KCMepuMeHTa onMcana 6 

JIbILyULAX padorax (",”). 

Tipu nowumepusainu cTupona, OyTakueHa HM M30NpeHa MOJeKYAApPHbIH BEC 
SIMMepoB BOSpPacTad C TyOWHOH MOMMMepHsalM BO BCCX HSYCHHbIX pacTBo- 
MTeNAX, IPH STOM 3aBHCHMOCTh MOJeKYJIAPHOTO Beca OT KOHICHTpallHH KOM- 
HeHTOB Obivia O13Ka K CooTHOUIeHMIO Mow. B. = MIC (?,’). Tipu npopezenun 
ecleloBaHuii B OGACTH HUSKHX KOHIMeHTpalMi MHMIkMaTOpa ~10°° moa/a 
TeHKU JMmaTOMeTpa MOsBeprasuch Ccilel{MaJbHOU oOpa6oTKe. B 3THX yC.IOBHAX 
OHICHT pallu AKTHBHLIX WeHTPOB ONpeseAACh U3 LAHHBIX 110 MOJI€K yJIApHOMY 
ecy. B npucyTcTBun 9/1eKTpOHO/OHOPHBIX pacTBOpuTesel MOIMMepHsalluA Mpo- 
Oluacb B We/IbHOMaAHHBIX KBaPIeBbIx KIOBeTAX-AHaTOMeTpax, H KOHI[CHTpa- 
Wd aKTHBHBIX IeHTPOB ONpesesANach CMeKTpocpoToMeTpHuecKH Ha BbIOpaHHOH 
JMHe BOJIHBI. 

1. Tlonumepu3anua BTONYONE. IIpu mpopeyqenuu nmomuMepu- 
aluu cTHpoma, u30rpeHa Mu OyTaqueHa B ToJyoue axe MPU CpaBHHTeJIbHO 
M3KUX KOHIeCHTpaluAx MHMILMAaTOpa HaOMOLaOCb OTKJIOHeHHe OT MpomnmopilMo- 
AnbHOll 3ABHCMMOCTH M@KLY CKOPOCTHIO M KOHMeHTpallMeH MHUUMATOpA. Ilony- 
‘eHHbIe 3AKOHOMEPHOCTH Obl OODACHEHEI paHee (1) o6pa30BaHveM B yrvieBolo- 
JOMHBIX cpesax BSaHMHO AaCCOMMMPOBAaHHPIX ©KMBYULMX» TOJIMMepOB, HeakTHB- 
ibIX B omMMepH3alnH. K anator“4HomMy BbIBOLY MPH WCCCLOBAHNTt KHHeTHKH 
louumMepu3amun cTupova (*,°) H H30TpeHa (°) npuuiain u Apyrve aproppl. Haan- 
tue aCCOMMAaUWN AKTHBHBIX WeHTpOB yLaslOCb TAK2KE NOATBEPAMTb BUCKOSUMETPH- 
recKH. Oka3aslocb, YTOBA3KOCTb PpaCTBOPOB @KUBYLIerO” Li-nowHusonpeHa B 
fostyoule SHAYVTeIbHO CHWKaeTCA NPM AesakTUBalln AKTHBHBIX IeHTPOB. 

C noBblleHHem Temilepary pbl paBHOBecHe Mex Ly ACCOMMATAMH H MOHOMCPHDIMH 
[eHTpaMM, AKTHBHBIMH B NosMMepusallvu, CABHTAeTCA B CTOPOHY MOCMeIHHX, 4TO 
i6ycIOBIMBAaeT CHHKEHHC SHCPruy akTMBaluM mporecca. J,axe Ip KOHICHTpa- 
iuax unuituatopa ~0,5-10°* Moub/i sHepruA aKTHBAaILMM Mpolecca TlOIHMepH- 
BALM CTHpOdia CHWKaeTCH MpH MOBbILICHHH Temmepatypbl (Ta6a. 1; NeNel, 2), 
ao yKasbiBaeT Ha Ha/IMGMe ACCOIMAUMH B STHUX YCJOBUAX. Tlomyuenuble pa- 
gee 3HaUCHHA SHEPIUH AKTHBAIMM NOMMMepusalluu CTHpOJa MPH KOHILCHTp allHAX 
anuunatopa ~0,01 moup/a (*) cooTBeTCTBy!oT CHCTeMaM CO 3HAUHTe/IbHON oulel 
ACCOIMMpOBaHHEIX AKTHBHBIX ICHTPOB. 

_ Kak BuyHo u3 RaHHbix TaOn. 1, H3MeHeHMe CKOPOCTH NOJMMepH3alluH C T0- 
HWKCHHEM KOHIeHTpalMH WHMUMAaTOpa B HauGouIbiuleH CTeMeHH MpeCTaB./1eHO 
fipu novMMepHsalluu CTHpowa (onpiret NeNe 1, 3) WB HaMMeHbUeH CTelmcHH MpH 
TlouMepu3alun OyTaqnena (NoN2 13 u 14). S70 yKasbiBaeT Ha TO, YTO accollHa- 
{lil AKTHBHBIX IleCHTPOB BOSpacTaeT B MOceLOBATebHOCTH: MTU MOMCTHPOA< 
< autuiinomuusonpen < JHTHAMOMMOyTaMeH. 
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o 
got Unteppan vt, cits a K 
5 - u MOJIb 3 
6 Cpeqa TMo6anxa aa [Lik], =e noauMepus.., Tesla 8 g 
= Et mpu +30° - Ss 
TlomuMepu3sauua cTUpONa 
il Toyo — 0,5-40-4 |+33, +47,5)0,40-10-414,0) — 
2 — — |, 0,5:40-* -j4-60, +72 0,57-10744456) = 
33 == — 3-40-32 |4+ 7, +22 |0,7 -10-%14,6) — 
43 _ == 4.10-2 OS oils — 
5 Sup 38 0,7-140-2 |—15, + 5 — 1333 
6 30 | 1,15-40-2 |— 2, +45 — 13,4/9,0 | 2,5-10 
30 0,3-10-2 |— 2, +45 _ 13,1/8,7 | 2;9-10 
7, Tluoxcan = |27 0,8-10-2 |—17, —4 — 13,0/8,8 | 3,7-10 
8 Amu 30 | 10-4+3-10-2|—40, 0 11,2/8,65/1, 26-10 
9 TT® 0,6 5-40-38 |—25, —10 6,8/4,46/1,15-10 
10 Dae 4.10-3 |—55, —30 -= 5,8/3,95] 3,1-109% 
14 8 5-40-3 |—60, —40 -- 4. 513,6 |) 24240 
12 15 5,4:10-3 |—70, —55 —- 4,1]3,5 | 44-10% 
TlomuMepu3anua OyTaquena 
433 | Tonyon — — | 0,005—0,02/+-20, +45 | 1,2-10-420,5) — — 
14 — — Oe: +35, +55 | 0,4-10-4/16,9) — — 
15 Texcau Amun 35 0,004 =~ 3) E209 | 4, 8-40=41339 5 —| 
16 35 0,014 — 3, +20 | 5,7-10-414,4) — — 
17 80 | ~0,0001 +415, +35 - 12,1) — — 
18 TIO 28 0,003 —38, —20 |0,19-10-4*/10,7) — a 
19 80 0,0045 |—60, —25 |0,25.10-3*| 7,3) — —- 
80 0,004 —40, —25 | 0,7-10-4*] 6,3) — -- 
IlomuMepu3auua HU30TpeHa 
20 Tomyou — — | 2,3-10- )+27, +40 |0,54-10-4414,7; — — 
il — — | 6,0-10- |+27, +47 | 1,0-107-445,3 
22 -- — |} 1,2-140-* |+27, +40 4,2-10-416,8 
23 — —]| 5,0-10-* |4+27, +40 | 1,6-10-417,9 
248 — —} 1,3-10-3 |+27, +44 | 1,9-10-448,8 
258 — — |} >0,005 -- i NOM) al SE 8) 
26 Amuu —- —- 0,0038 |j+44, +30 | 5,5-10-410,9 
oi — — 0,0043 |+10, +40 | 6,2-10-4/40,6 
28 — ~- 0,015 j+44, +30 16-10-4/10,9 
29 — — 0,016 j|+10, +40 /|16,5-10-4) — 
304 TT® — — — —60, —45 == Dao) 
314 — — os Spe Se = 7,0 
324 — — = 294 a) = 8,7 
334 — — 10. 4b44 = 9,8 
344 — — — st4n 3h27 — ef dae 


* CkopoctTH, OTHeECeHHbIe K CHHUIe KOHUeHTpaluH MooMepa (V), W KOHCTaHTH! CKOpOcTH MoaHMe 
pusauun (K) paccuntTanbl 43 3HayeHHH CKOpocTeli, NOMyYeHHDIX B YKa3aHHOM B TaOMMNe HHTepBaue 
Temuepatyp. * IIpuBegennble 8HaveHuA SHEPrH aKTHBALMU NpeAcTaBAAIOT Cobol ycpemHeHHbIe 3HayeHHS 
AavHbIX DO SHEP aAKTHBALUN, ONpesemAeMbIX NO XOAY Mpowecca myTeM H3MCHeEHUA TeEMMepaTypbI NO 
AMMCPUSalHH Ha PaSHbIX CTeMeHAX MpeBpalleHuA. CKOpocTH MOMUMepusanuuH BO BCeX CuyuaAx ObIIH 
MIPONOPWHOHAJIbUbI KOHLCHTpPalluH MOHOMepa, KPOMe NOJHMepH3alluu H30NpeHa B TU, rye HaOmofanuch 
HeOOJIbIIHE OTKJIOHCHHA OT MponopuuoHabHOM 3aBucHMOCTH. * ONBITLI C NOMUMepH3alluell, HHHILMUPO- 
BaHHOH ©KMBYLIMM» NOmuMepom Li-nosucTuposma, AaaH OusKHNe 3HAUeHHA aHepruli akKTHBAaWUH (yMeHb- 
weHue E we mnpepbimano 1 KKam) uw cKopocteil. 4 Beauuunpl E Bp onpirax NeNe 39—34 monmyuyenbt 
NYTeEM NOCJEROBATebHOrO H3MCHEHHA TeMMepaTypbl NO XOAY OAHOrO HM TOTO *%2 Mpomecca. * Tipu —40°. 


Ha ocHoBaHu JaHHbIX 0 COCTaBaX COMOMMMepoOB HM KOHCTaHT COMOAMMepH3a- 
UMM CHCTeMbI OyTaqWeH — CTHpouI B Tosyone (cM. Ta6a. 2) m paHee nomy- 
MeHHBIX J\aHHbIX AIX CHCTeMbl u30mpeH — cTupom (1) OTHOCHTebHaA peak- 
IHOHHOCTb MOHOMepoB BO3pacTaeT B MOCJeMOBATeAbHOCTH CTHPO<H30- 
npeH <6ytTamnen. 

2. lonuMepu3auua B NpucyTCTBUM IMCKTPOHOAO 
HOPHBIX pacTBOpHTesen. IIpu BBeqeHHu B yrieBOOpOAHYtO cpe- 
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joOapok abupa, AuoKcana, Tpustunamuna usu TT cKopocth mouume- 
gallu «CTUpOia, us0mpeHa u GyTaueHa BOspacTaeT H COOTBETCTBCHHO 
MKAOTCA SHEprul AKTHBAILHH Mporeccos (Ta6a. 1). 

HanGouee peskuli apipekT HadmogqaetcA B MpHCyTCTBUH TT®, o6mayaromero 
MOOJIbIMMH 3JIEKTPOHOJOHOPHBIMH CBOHCTaMH. Bs pucyTcTBHu 
eHb HeOObUION ©=o6aBku TT® 0,6%, sneprux 
TUBAIMH NOHMepv3aluu cTHupola B TOsyoue 
wxaetTca oT 14,5 70 6,8 KkKan/Momb. DHepruA 
THBAlMU OyTasueHa pH Nepexoge OT Tomyoua 
emech Tosyona c 30% TT@ tTakxe pesko CHH- 
etca (Tab. 1, NoNe 13, 18). IIpu nommmepusaunu 
onpena B TI® pospactaeT SHeprun aKkTUBa- 
M, ompesesenHaa mo XoOfy mpollecca, c pocTom 
Mepatypp! (ta61. 1, NeNe 30—34), aro oObacHaA- 
of, I10-BHJMMOMy, HaJIMuYHeM BbIPOKeHHOM Me- 
jauv WenH yepes Monomep (°). 


MON6/N-CEK 


SS 9 a a5 S SESSisS 
<B mpucytcTsun 3JIleKTpOHOJOHOpHEIX pacTBOpH- Bete 6 Se 83 
meli, BcemcTBue OOpa3s0BaHHA HX KOMIIJICKCOB C SS) mink Sep Sis 
Tem, pe3kO NOH KaeTCA aCCOMMALAA OKUBYIMINX» [Li] 
muMepos. Kak cuenyer u3 Tab. 1, wu puc. | ac- 
Hees ny ye Puc. 1. 3aBHcHMocTh cKopo- 


nualna JUTMHNONMCTHPONA BCPeMe BICEKTPOHO- — ony nonuMepusanutts: OT KOH- 

OPHBIX pacTBOpUTeNeli oTcyTcTByeT (HaOMOMaeT- enrpanun nununatopa. B 

TMpOMOpWvOuaNbHad 3aBHCHMOCTL MexKy CKOpO- amune: J—cTupona npu —34°, 
BIO NOJMMepHsalun KOHUeHTpallWeH HHAWHATO- f mA ee ener hee oe 
\); JMTHHNOMM3ONpeH B HeOOJIbUIOH cTeneHH TTO:¢ 4— 6ytanuena npu 
COWHUPOBaH B AMHHEe, a aCCOMMaluA JIMTHUNON- — 39° 
TaueHa B aMHHeE MpelcTaBeHa B 3HayH- 
MbHou ctTenenu. Jake B TI, pactpoputene c BpicokoH combBaTupyroulei 
OCO6HOCTLIO, #HaGwrOLaeTcaA HeKOTOpad  accouMalua muTMMMOMMOyTa- 
feHa. ITH JaHHble NOATBEPAKLaloT MOMYUeHHy!O B yrvieBoxoposHoH cpelle 3aBu- 
MOCTb CTeMeHH aCCOMMallHH AKTHBHBIX IleHTPOB OT MX CTPOeHHA. 

'B mpempilymux padoTax ocoOeHHOCTH MexaHH3Ma NOMHMepH3allHn HeEnONAp- 
JX MOHOMePOB, HHHUHHpyeMOH JIMTHH-3THJIOM B YIJIeBOJOpOAHBIX cpelax, 
IIH OObACHCHbI yyaCTHeM JIMTHeBOH KOMMOHEHTHI, HapsAyy C KapOaHvOHHOH, 
akTax pocta wenn (’,"). 

_ Bpesenne 9/1eKTPOHOJOHOPHBIX oOaBoK, OOpasyr1oulHxX KOMIMJIeKCHI C JIMTHe- 

KOMNOHEHTOH KaTaH3aTOpa, MpHBOAMT K YMCHBIMeHHIO BJIMAHHA STOM KOM- 
)HEHTHI Ha aKTbI pocta yenu. B cooTBeTCTBHH C STHM MCHACTCA M€XaHH3M IIpO- 
’eca, TIpHOMMKaACh B MpHCYTCTBHH JOOaBOK C BLICOKOH CO/IbBAaTHpyloulel CiO- 
‘OHocTEIO (TI'®) k mpoueccaM THMMYHO aHHOHHOM nomMMepHsaltuH. C poctom 
MMMeHTpanun TI® nadmogaetca Bo3spacTaHHe CKOpOcTH MoMMepHsallun CTH- 
la M OyTasHeHa HM COOTBETCTBCHHOe NOHM2KeHHEe SHEPIHH AKTHBALLMH Mporecca 
OXKHO LYMaTb, YTO CHHWMKEHHE SHEP AKTUBALMM C YBeJIMYeHHeM KOHILCHTpPa- 
a TI@® mponcxoguT Kak BCJIeACTBHe pa3pyUIeHHA accolMaToB, OOpasyeMbIx 
(THBHBIMH WeHTpaMH, TaK M B pe3yJIbTaTe U3MCHeCHHA CTPOeCHHA KOMIMJIeEKCOB 
FO c aKkTHBHEIMH WeHTpaMu M pOCcTa AMIIeKTPHUeCKON MOCTOAHHOM cpelbl. 
WHAaAKO BIIMAHHE MH3ICEKTPHYeCKOM MOCTOAHHOM Cpebl BPA JIM MMeeT ompese- 
moulee SHAYeHMe, TAK Kak OUCH HeOoubUIMe AoOaBKU TI BEIsbIBaloT pesKoe 
ImKeHHe SHEP AKTHBALMM Np NOMMepHsallMu Crupowia. 

_ Vutepecko oTmetuTb, 4TO NOJMMepH3allNA CTHpOwa B Supe UM AMOKCaHe, He- 

TPA Ha pasHble AM2eKTpHyecKHe MOCTOAHHbIe STHX PacTBopHTesel (4,33 4 
2 mpu 20°), mpotekaeT c OH3KHMM CKOPOCTAMM HW SHeEprMAMM AaKTHBALMi. 

Uccnegopaucb COCTaBbI CONO/IMMepoB CHCTeM CTHPOJI — KSOMpeH H CTAPOs — 
franuex B IIpHCyTCTBHM 3/ICKTPOHOJOHOpHEIX pacTBopuTeel. JliA pacTBopH- 
fi amuna u TI'® u3 2aHHbIx O CCCTaBe COMO/IMMepoB ObLIM paCCUHTaHbl KOH- 
HbI ConowuMepH3anuH (Tadu. 2). 

IlpH conomuMepv3aunH CHCTeMbI U30NpeH — CTHpO, OyTaqHeH — crTH- 
IPH BBeMeHHH IJICEKTPOHOJOHOPHEIX paCTBOPHTemeH OTHOCHTeIbHAaA JOA 
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Ta6Oauna 2 


Conosumepi3alua 


KoOuHCTaHTbI COMOJH- Kouwuy. 
MepH3alluH cTuposa 
ee Cuctema Cpena Prepay) (HOH 0) BSE 
OnbITa = aparece! i 1 
ta Ta B CX. cmMecH 
4 Crupoa (41) — Toayou Des Ont 1255 9,0 
6yragueH (2) 
2 Amun 40% 25 0,3 5,0 20 
3 SQpup 40% 25 — — 33 
4A TIr® —35 8+1 |0,2+0,1 85 
5 | Crupoa (14)— Tosyou Zl 0,25 iS) 6) 12 
usompeH (2) 
6 Amun 27 0,8 A) 48 
‘ies TI® Zi 9 Ona 82 
8 » —35 | 40 0 Oi 


cTHpola B ConomuMepe BospacTaeT. M3 nowJIyYeHHBIX aHHbIX BULHO, 4TO BIMAHM 
pacTBOpHTesleli Ha pa3feJIbHYIO H COBMeCCTHYIO MOJIMMepH3alluio He BCera CHE 
6aTHO (CM., HallpHMep, NOJHMepH3alluA CTHPOA B MpHCyTCTBUM aMHHa UM Sup 
B mpucytetsun TI® cocraBbl COnosMMepoB CHJIbHO OOorallleHbl CTHPOJIOM | 
COOTBETCTBYIOT COCTaBaM, MIOJIYYCHHIM TPH THMMGHO aHMOHHBIX mpoteccax (| 

CormacHo JjaHHbIM Ta6uI. 2, OTHOCHTeIbHaA PeaKIMOHHOCNOCOOHOCTbh MOH) 
mMepos B TI'® pospacTaeT COOTBeETCTBEHHO pay: H30Mpen < OyTaqHenH < cTHpOR 

OTHOCHTeJIBHO MaJlO€ OTKJIOHEHHE OT MpOMOPUHOHAaIbHOH 3aBHCMMOCTH C : | 
PpOCTH NOJIMMepH3allHn M30lpeHa B aMHHe U OyTaquena B TI® or KoHIMeHTpallye 
MHULMATOPA MOSBOJAeT MPeAMONOKUTb, YTO pPeaKIMOHHOCTh MOHOMePOB MpH pale 
Je@bHOH TIOMMMepH3alu B MOJIAPHbIX CpeaX MeHAeTCA B TOM Ke MOCMeLOB) 
T@JIbHOCTH, 4TO IPH COBMeCTHON. | 

BuMAHMe M3YYCHHEIX pacTBOpHTeeH Ha Mpouecchl NOMMMepHsal\Hn cyulech 
BCHHO 3aBHCHT OT HX JJIEKTPOHOJOHOPHON cnocoOuHocTH. OTHocuTebHO cab 
SJ@KTPOHONOHOPHbIe PacTBOPUTeHM — aMHH, Sup, AMOKCaH MPH B3aMMoje) 
CTBHH C JIMTHeM, I1O-BHAHMOMY, MaJIO MeHAIOT NoApHsanuio cpa3u Li — C. I]t 
STOM B OTJCJIbHbIX CJIYYaAX OHH axKe MOBbIMAIOT SHEPIHiO AKTUBALMU pocTa 
TIM, 10 CpaBHEHHIO C YIVIeBOXOPOAHbIMH PaCTBOPHTeIAMM, KaK 3TO HMeeT MECC’ 
MpH lomMMepHsalnn cTHposa (Tab. 1, NeNe 2, 5, 7). OnnHaKo pacTBopuTe 
C BbICOKOM SJIEKTpOHOLOHOpHOK cmoco6uocTb1o (TT), nomHocThIO BbIKIIOUE 
BJIMAHME JIMTHA, Pe3KO YBeEMHYMBAIOT NOMApHsaluio cBA3H Li —C, uTo cooTBé 
CTBCHHO IIpHOuIMKaeT Mpolecc K 3aKOHOMePHOCTAM THINMYHO aHHOHHOM NOW 
Me€pH3allHH, B KOTOPOH AKTHBHbIM WeHTPOM ABJIAeTCA KapOaHHOH. 


tT 


@v3uKO-XHMMYeCKHH WHCTHTYT Tlocrymuso 
uM. JI. A. Kapnosa 24 IV 1961 
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Jloxnann AKkayemMun Hayk CCCe 
1961. Tom 139, Ne 4 


XHMH A 
Axanemux Buxr. HW. CMHMLUbIH, JI. H. KOMMCCAPOBA u A. A. MEHBKOB 


NOJIYYEHVE YW HEKOTOPBIE CBOMCTBA METAJIJINUECKOLO 
CKAHAYA 


Merannmueckuii CKanquit Obim Mouy4eH B HEOOVJIbUIMX KOMMYeCTBAX YAK MHO- 
‘amu uccneqopateramu (7°), OMHAKO cpolicTBa ero JO CHX NOp H3y4eHbI MaJO. 
Hactositjad paGoTa nocBalllena MOyYeHHIO MeTAasMMYeCKOTO CKaHIuA u3 ero 
SesnoiHoro xiopufa (1°) u H3y4eHHIO HEKOTOPBIX ero CBOHCTB. 

Ucxonupi coelunenie B padoTe Cily2kMJ1a CMEKTPaJIbHO-HHCTAA OKMCE CKaH- 

qua, WomyuaemaaA u3 TeXHMYeCKOH OKHCH MeTOAaMu poaHuAHOH SKCTpakUMM U 
ocarkeHHeM OKCaslaTa CKaHIMA (4), Bespolubiit xJlopHy, CkKaHAMA nowyyaJicAa 
XJIOpPHPOBAHHeM CMECH OKHCH CKaHAMA C CaXapHBIM YTvIeM B BeCOBOM COOTHOULIE- 
uu 3:1. Iponecc xnopupoBaHus OcyWeCTBIAJICA B KBapIleBol TpyOKe lIpH 
1000°; oOpasyloulHiicaA xJIOpHA CKaHAMA BOSTOHSICA, KOHJeHCHpyacb Ha Oowlee 
XOJIOMHBIX “acTAX npHoOopa. CpexenmpHroroBueHHbi ScCl,; BoccTaHaBsiMBanc# 
MeTAaJIMYCCKMM KaJIbIMeM MpH 900° B armocdepe uuctoro aprona. PeakitMoHHad 
lemecb, cofepxKalad HeOOVIbINOM W3ObITOK Kaslbilua (~5 Bec. %), MoMetilalacb 
B TaHTaNOBbIi Turemtb. TlonyseHHble MpOLyKTbl peakUHH, KOTOPBIC OObIMHO CO- 
JlepxKasiad WpwMech Ca, CaO, ScCls, a TakxKe Si, H3MeJIb4YaJIHCb B MOpowlok JO pa3- 
‘mepa uactuy < 0,2 mM u oOpadaTbIBasIHCh MOCeLOBAaTeIbHO BOOM WIA pacTBOpe- 
nus CaCle, Ca, CaO u ScCl,, 10%-m pacrBopom e{Koro HaTpa C IevIbIO yaaseHuA 
KpeMHHA, 8aTeM CHOBa BOJOM, M HaKOHell, MeTHJIOBLIM ciMpTom u ad@upom. Bo 
‘Bcex Clyu¥andx OTAeeHHe pacTBOpHTeeH MPOHSBOMMOCb MCTOLOM jleKaHTalluu. 
Tlonyuarouuica MOpOltkooOpasHblit MeTaMuecKHH CKaHJMM BbICYWIMBAaJICA 
Ha Bosayxe (10O—15 muu.), a 3aTeM B BakyyMe (10-4 mM prt. cr.) 40 NomHOrO yAa- 
jlenua sleTysux mpumecel (~30 MHH.). 

Tinapka MeTasuiMuecKoro CKaHIMA OCYUIeCTBIATACh MPH TIOHM2KEHHOM J\aB- 
nenuu aproua (200 mM pr. CT.) B yrosoli meqH C BOAHOOXaxwK1aeMbIM MeJ.HbIM 
“TIOMJOHOM H MO{BHKHEIM BOJIb(ppaMOBbIM anekTpogom (*,°). [lpepapuTebHO 
“MeTasiul CIIpeccoBbIBaJIcaA B TAOMeTKH MOA AaBJleHHeM 100 xI'/cm? u nporpeBaJica 
“mpu 500—600° B BbIcoKoM BakyyMe (10->—10°§ mm prt. cT.). 

Tlnapnenpiit MeTammuecKuit CKaHMM mpecTaB/AeT co6ol GvulecTAliMH Me- 
“tasi cepeOpucToro WBeTa C XapaKTEPHBIM 2KeVITHIM OTJIMBOM. 

Tlo JaHHBIM aHamHu3a, I1pOBeeHHOTO BOOPOAHbIM MeTOAOM, TIpofyKT cofep- 
sKut 97—97,5 Bec. % MeTasmMyeCKOrO CKaHAMA. Mexyy Tem oOmlee coslepxxaHHe 
CKaHIMa, KOTOpoe YCTAHaBJIMBaJIOCb BeCOBbIM H OObeEMHEIM MeTOJlaMH, COCTaB- 
ginet 98—99 Bec. %. IIpu BecoBOM ompeeJeHHH oOpasell MepeBOAMJICA B pacTBOP, 

_ 43 KOTOporo 3aTeM ocakiaslacb THPOOKHCb CKaHMA, BecoBaA tpopma — Sc203. 
’ OGpemHoe onpeseseHHe MpOBOAMMOCh THTPOBAaHeM TpeXBaJIeHTHOTO CKaHAMA 
_ Tputonom B mo mypeKcuay (#2). Becopot u OObeMHbIM aHasH3 Was XOpOwlo 
cxosammeca pesybTaTH. B OovIIIMHCTBe oOpasiloB MeTasia ObIIO CMEKTPaJIbHO 
_ oOHapy2KeHO lIpucyTcTBHe HeOO/bIUUX KouMYecTB KpemHusA (0,1 Bec. %) MW KaJlb- 
wus (<0,001 Bec. %). B Tom culy4ae, Kora B KauecTBe HCXOJHOrO CoeAMHeHHA HC- 
TOJIb3OBaaCb OKUCb CKaHANA auctoTol >99%, Mouy4aeMblit MeTaJ/I Comep2Kau 
cnempt Zr, Th, Y, Ybu Fe (B cymme <0,1 Bec. %). Xmop onpelemACA Hetpevo- 
MeTpHueCKH peakiMeli C AgNO . B HeKoTOpbIx oOpasitax ycTaHaBJIMBaJIOCb CO- 
jepwKaHHe Kucmopoya. PegybTaTHl avasivsa * CivaBJeHHOTO MeTaJIIM4eCKOrO 
CKaHIMA Culekyroulue (B mpolentax): meTamimueckuit cKaHyul 97—97,5; oOuee 
- colepxKaHne CKaHAUA B pacueTe Ha S/ICMCHT 98—99; xop <0,05; Kampiui< 0,001; 
' xpemanit 0,1; Kucopol<0,9; cymma Zr, Thain Goa ek< Oar. 


* Zyech MpHBeMeHI cpeqHe sHaveHHA aHaHSOB pagIHUHBIX MapTHH MeTasa. 


Jina JlastbHeriteH OUMCTKH TWIaBJIeCHbIi MeTadwIMyecKuH CKaHAMH BOSrOHA | 

Ca B BLICOKOM BakyyMe (10-°—10 © mm pT. CT.) M3 TaHTaJIOBOrO THIIA Ha TAHT! 
woBylo usactuny mpux 1500—1600°. Harpep ocyilecTBJIAJICA C MOMOIIbIO BbICOR 
KOUACTOTHOH YCTAHOBKH C JIaMMOBbIM reHepaTopom. CofepxKaHve META MHYeCKO 
TO CKaHIMA B BO3rOHE CocTaBAIO >99 MH 

ea Jini ojyyeHHbIxX OOpasioB MeTaInueE 


a CKOrO CKaHAHA ObIvIM H3yYeHbl KPMCTaIIMwil 

15 ueckad CTpyKTypa, HeKOTOpble MexaHuue mi 

10 CKHe CBOLCTBa, YCTOHYHBOCTh Ha BO3Ayxem li 

Bd, a TaKxKe KHHETHKa paCTBOPeHHA B COA 
0 25 «50 75 00 125 150 vac HOH KHCJIOT2 


Vsyyenue cTpyKTypbl MeTaJMyeCKOrome! 
Puc. 1. KuneTuka okucienua ‘metaiu- CKaHIMA lpescTaBseT MHTepec BBM} 
yecKOrO CKaHJuaA Ha BOsTyxe mpH 20° TOTO, 4TO CYyINeCTBOBAaHHe efo KyOu4ecKon| E 

MowMpuKanun (a = 4,5 kX) (°,1%) OKoH 
yaTeIbHO He ycTanoBseHo. PenTrenorpacdbwyeckoe UcceqOBaHve MpOBOLH-Mi 
loch Ha OOpasile MeTavila, BOSOrHaHHOTO B BakyyMe. PeHTreHOrpaMMbl CHUMa- 
JIMCb Ha SJIEKTPOHHOH TpyOKe C MefHEIM aHOfoM. PesysbTaTbl peHTreHorpadpuyec-# 


Ta6nunal 


Pe3yusIbTaTbl peHTreHorpaduyeckoro MUCCJeqOBaHHA MeTaJWINYeCKOTO CKaHTHA 


4/d2,-KX-2 Eyes 4/d?, KX-2 sae 
: ~ |e : oie 
8 % 8 Ss 
=| 8 | «| 2 2 
= Hal. BbIUHCJ.* = = g Haug. BbIUHC.* 2 = 
Pps tas BS5 Wee Cae Sf 
2S, | 83 [2,8] 3 = 
4 | 4 |100] 0,41234 | 0,1223 |+0,00141] 16 | 2 |144| 0,9449 | 0,9462 | —0,0013 | 
2] 2 |002) 0,4458 | 0,1448 |+0,0010] 17 | 2 | 242) 4,001 4,004 0 
3.|.5 | 4101]. 0,1602 |. 0;4585 | --0,0017:1 48) e414 05a O27 eet e027) 0 | 
4| 4 |102| 0,2677 | 0,2674 |+0,0006] 19 | 1 |204] 4,070 | 4,068 | +0,002- 
5 | 4 |1410} 0,3690 | 0,3669 | +0,0021] 20 | 3 |300} 4,404 4,104 0 
6 | 4 |103] 0,4488 | 0,4481 |+0,0007] 21 | 4 1243] 1,482 1,182 0 : 
7 | 2 |200} 0,4898 | 0,4892 |+0,0006|| 22 | 4 1302] 1,245 | 4,245 0 
8 | 4 1412) 0,5429 | 0,5447 | +0,0012]| 23 | 4 1006) 4;304 94] 4,303 ~|—0,002%% 
9} 4 | 201) 0,5267 | 0,5254 | 40,0013} 24 | 2 | 205] 1,393 1,394 | —0,001 — 
40 | 2 |004) 00,5810 | 0,5793, | +-0,0017] 25 | 31244) 1,434 at 235e 0. 008 
41 | 2 | 202] 0,6333°} 0,6340 10,0007" 26") 39122011 267 4,467 0 
42} 2.|104} 0,7018 | 0,7016 |+0,0002|| 27 | 2 13410] 4,590 4,590 0 
. : ae ieee ees ae yO008 28-103) 222Ama Cle 4,612 | 0,004 
; : —0,0005 |} 2 — : 
15 | 5 1241| o°8940'1 o'ago2 | ao’ooe | en ee a 


* a = 0,002 KX, C= 5,255 KX. 


pyloTcaA B TeKCarOHaJIbHOM pelleTKe THNa MarHua c a = 3,302-++-0,005 KkX¥u 
c = 5,255-++0,005 xX, c/a = 1,591; Z = 2. Pentrenorpacbuueckaa IIJIOTHOCTb 
papna 2,992 r/cm®; mHKHOMeTpHuecKH Halijena BemMuHHa 3,0 r/cm?. ConocraBiAd 
HOJYHeHHBIC PeSYJIbTATHI C JIMTepaTyPHbIMH TaHHbIMH (*,°), MOxXHO CleaTb BBI- 
BOL, UTO CKaHAMH KPHCTAaJIM3yeTCA TObKO B TeKCarOHaJIbHOH pemteTKe. Ky6u- 
yeckan 2e (haza, HaOmOfaBuianca Matisenem (1%) u Auapgom (°), BeposTHo, 
Oblla OOYCNOBJeHa SHAYHTEIbHIMM 3arpa3HeHHAMH MeTaia, BepHee BCeTO 


HATPHOM cKaHuaA ScN, KoTOpblii KpucTanmM3yeTcA B KyOMYUeCKOM CHHTOHUH C 
a = 4,44 xX (#4). . 


* 
Fatt ABTOPbI BbIPa@KAIOT CBOIO NpHsHaTerbHOcT IO. TI. CuMaHoBy 3a LWeHHBIe COBeTEI pH 06- 
YKICHHH Pesy/IbTATOB PCHTTEHOBCKOFO aHasIH3a MeTaIMMYeCKOTO CKaHIUA. 
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Jina xapaktepucTuku MexaHHuecKUX CBOHCTB MeTasWIMuecKoro CKaH/MA ObI- 
‘W3Y4CHEI MUKPOTBepsocTb H Mpesen mpounocTu. smepenua MuKpoTBepsocTH 
OUSBOLMIMCh Ha IpuOope C aMa3HOH IMp amujoi. Mukpotsepsoctb 97—97,5% 
TalMueckoro cKanyua cocTapseT 145-+-10 Kr/MM”, Aud OOpasila YHCTOTOI 
99% sra «xe BeMUMHAa NOHMKaeTCA Jo 75-+5 Kr/MM’, T. e. MouTH B 2 pasa. Be- 
YHA MUKPOTBEPOCTH, NOMyYeHHAad HAMM JIA Me- 


Amuueckoro CKaHIMa uucTOTOH >>99%, xopouio % 
grlaflaeT C JIMTepaTypHbIMH JaHHbIMH (**). 7 
Jina onpefeseuua pelea MpouHocTH u3 m1aB- 1? 
HOrO MeTasIMueCKOrO CKaHAMA BbITAYMBaJINCb 

Pasiibl OMpeeseHHOH (opMbI ¢ AuaMeTpOM pa- 10 
geli uactH 2 mM. CylefyeT OTMeTHTb, TO Me- { 
wwiMueckul CKaHAMi xopowlo oOpadaTHIBaeTca Ha es 6 
anke. VismepeHua mpeela MpouHocTH mpoHs- S 6 
JMIMCbh Ha paspbIBHOM MallIMHe Ip cpeyHeH CKO- =9& 
ieTH ojaun Harpy3KH 3 xr/cek-mm?. IIpefen 4 
youHocTH §497—97,5% cCKaHIMA CcOCTaBAeT 25— y 
)kr/MM®. Ilpu Gombmiem cofepxkanun HeMeTaIn- 

(CKUX MIPMMeceli Npeses MpOUHOCTH MeTaJa CHJIb- 0 Si 550 300 400 C 


) HOHMKaeTCA, 
-Ycrotiuusoctb 97—97,5% MeTammMuecKoro Puc. -2. Oxncnenne meran- 
anil Ha BOSAyXe M3y4alacb ABYMA MeTOaMM: AMuecKOTO CKaHJMs pH Harpe- 
soTepMuyecKuM pH 20° MH MomMTepMuyeCKHM B BaHHH Ha Bosly xe (CpeqHsAACKO- 
ireppasie Temmeparyp 20—800°. B nepsom cay- Porte BaNPeBaitien PapeanyTY) 
@ OKHCIeHHe MeTajlla M3y4aIOCb KMHETHYeCKUM MeTOJOM Ha JemmepHbIXx 
SAPIEBLIX BeCaX C UYBCTBHTEJIbHOCTbIO 1 pr/nenenve (*°)*. Pesyapratyi 
[KOTO M3 OMITOB MpescTaBsenbl Ha puc. 1, H3 KOTOPOrO BUHO, 4TO 3a 
10 uac. MOBePXHOCTh MeTaJva MOKPbIBaeTCA MeHKOH OKHCH TomUMHOl ~600A, 
TIpH¥eM Mpolecc OKHCJIeHHA MeTAaJI- 
jila lpakTu4eckH NpeKpaulaetca. 
Oxucnenue 97—97,5% ckaHIHA 


Ip HarpeBaHHH Ha BO3syxe usy4a- 

, ~ 8 loch Ha BeCaX HeMpepbIBHOFO B3Be- 
S&§ wHBaHns.| Metana B Bue MopomKa 

mrs se(< 0,2 MM) TIOMeIaJIcA B KBapIleBy10 

SS vyameuky, KoTopad Ha IlJlaTH HOBOH 
i SS  MpoBouJOKe MO{BEMMBalach K BeCaM. 
1 Bec o6pa3ua B Mmpollecce HarpeBa- 

: 2 HHA H3MepAvICA C TOUHOCTHIO +0, Mr. 
, D Tunuunad KpHBaad W3MeHeHHA Beca 


MeTaJvia B 3€BHCHMOCTH OT TeMIIe- 
paTyphl MpeycTaBiena Ha puc. 2 
(cpeHAa CKOpOCTb HarpeBa 3°/MHH.). 
S3ameTHOoe OKHCJIGEHHe MeTaJIJIM4eC- 
uc. 3. CxeMa yCTaHOBKH WIA H3y4eHHA B3aH- KOTO CKaHAHA Ha BO3SMyxe Hadi- 
| tant meTajluyecKoro CKaHaua c BomuBI- HaeTcH c 250°. Haunnaa c 3TON 
H pacrsopamu HCI: / — peakuvouHasd Ko6a. TeypepaTypbl, KpHBaA HM3MeHeHHA 


“— CT@KIAHHEIM TepmoctaT, 3 — «IO2%KKa» CO 
quo, 4—marnuTHad MeulamKa, 5—OwopetKa, BeCa P€3KO MOXHHMaeTCA BBEpX. B 
‘_xpall Jui CoenMHeHHA KONOLI Cc aTMochepoli, HHTepBayie xe 20—200° meraJii 


'__ KoHTAaKTHBIi TepMomeTp, 8 — BOPOHKa AIA T1pakTHY¥eCKH He OKHCIAeTCHA. Tak, 
[pHBefeHuA aBJIeHHA B mpH6ope K aTmocdep- BEIep2KHBAHHE NopowsKoo6pasHoro 
rr? ee ncuer memamka, I~ era nMYeCKOTO CKaHAMA Ha BOslyxe 
mipu 200° B Tesenve 20 yac. He NpH- 
BOAMT K M3MeHeHHIO Beca OOpasila. 

| Kunetuka B3avMOfeHCTBUA MeTaJJIM4YeCKOrO CKaHIMA C BOJHbIMH pacTBOpaMH 
| usyyanacb mpu 25-L0,1° Ha ycTaHOBKe, CxeMa KOTOpOH MpescTaBsleHa Ha 
* Vismepenua mposogusuch B Mxctutyte -pusnuecko xumun AH CCCP c ysacTHem 


. A. Apenam6eKona. 
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puc. 3 *. OOpasiamM CJlyxKMJIM MMaCTHHbI MviaBseHOTO MeTaJa C Kaye 
lopepxHOCTbIO 3—4 cm? u BecoM 0,3—0,5 r..CKopocTb pacTBOpeHHA MeTasy 
perucTpHpoBaslach MO KOJIMYeCTBY Bbienmouleroca BOLoposa, oOulee KoMHUEC 
BO PaCTBOPHBINerocA CKaHIMA 3a BCe BP 
meyeme MA OMbITa NOLTBEpHKLaslocb TakxKe YObLIE 
| Beca oOpasia. Oba onpelevieHHA Tau Cx 
Tsuecn pesyibtTatpl. Tlomyuenupie ja 
HbI€ HEKOTOPHIX OMBITOB IIpeCTaBJIeHBI 
puc. 4. 
Jia KaxjoH Konwentpauuu HCl rp) 
(puyeCKH BbIYHCIAIACb KOHCTaHTa CK) 


g poctu pactBopenua KK (mr/cm?- mux). Ba! 
/ vMOjelicTBHe MeTaJlIH¥YeCKOrO CKaHiy 
0 700 200 300 mun, ~=CC:s«#@BOHBIMM =pacTBopamu HCl mnpotexag® 


jOCTaTOUHO §=6OLICTPpO.)=30—rds«sUPH@~—Ss« KKOHMMHTP 
Puc. 4. KHHeTHKa B3aHMOJICHCTBHA Me- IWHH Tocule,HeH 0,05—0,1 N 4 _Bbl f 
TAJIMHYeCKOFO CKaHAHA C BORHbIMH pac- C moHWxKeHHeM KOHICHTp alu HCl cx, 
Teopami HCl pasimunoli KONLeHTpPaNHH:  poCTb paCTBOPeHHA MeTaJIa pesKo Talal. 
Lie ey hn eos On yy «© B 0,001 N HCl xoxcranta pacrsopext 
K —0,007, 40,02 K =0,015, 5 MeTasua upesppuaiHo mana (<5:10% 
0,05 NK =0,03,6—0,1IN K=0,!1 Mr/cm?-muH). IlosToMy MoxKHO CuuTATB, 4 
pacTBOpeHuA MeTaMMYeCKOTO CKaHAMA § 
0,001 N HCl (pH 3), a Tem 6onee B Boe NMpaKTHYeCKH He IIpOMCXOsHT. 
OTHOCHTeIbHO BEICOKAA TeMMepaTypa MaBJICHHA MeTaJJIM4YeCKOrO CKaHAMs 
1539° (°), ero MaJIbIi yJe@JIbHbIM BeC, 3HAYMTeIbHaA MexaHHuecKad MpouHoc 
MB OMPeeJIeEHHbIX YCJIOBHAX Maslad XMMHYeCKaA AKTMBHOCTh ABJIAIOTCA BeCbM 
ILeHHbIMM CBOHCTBAMH, KOTOpble JewaloT erO TepCMeKTHBHbIM MaTepHasIOM [JI 
paqa oOacTeH COBpeMeHHOH TeXHHKH. 


MockoBCKHH YrocyapCTBeHHBI YyHHBepCHTeT Tloctynnso 
um. M. B. Jlomonocosa 15. TV 1963 
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Axajemuk HM. B. TAHAHAEB, M. A. WINHPT » T. W. CEHAYJIbCKAA 
COPBUMSA FTEPMAHHA HA FUAPOOKKCH AJIKOMHHU A 


TuApookucb asIOMHHUA YacTO TIpHMeHAeTCH Kak B TIPOMBILIeHHOCTH, Tak 
4B aHamuTHueckolt xumuH (*) MIs COpOMMM pas/IHMUHBIX BeLLecTB. Oyuako B JIM- 
Tepatype OTCYTCTBY!OT AaHHBIC O copOluH MMKpoKoJMuecTB TepMaHia rHpo- 
okucbio asiomunus. MMeertca JIMLIb cooéurenne Upapua (7) o noryueHun repMa- 
HaTa aJIOMMHMA CMeLIMBaHHeM pacTBOpOB XJIOPHCTOTO aJIOMMHUA H repmManata 
HaTpHA TIpH MOAPHOM ornomenuu GeO2 : AleO;>>3 0 pH 7. Um Opisio 10Ka3aHo, 
TO B 3THX YC/OBHAX oOpasyerca coekuneHue Al2O3-2Ge0,-nH20. Cop6- 
qua GeOs Ha rHApOOKNCH aJIOMHHHA TakoKe u3yuasacb HIpapiem mpH 601bIOM 
ee GeO, mo OTHOLMIeCHHIO K THLPOOKUCH aIOMMHUA, TIpHyeM Moc eAHAA MPH 
MeHANaCb B Bue CyXOFO NOpolliKa, KOHTPOTb pH He npousBosMca. MakcuMaJIb- 
Had copOuua (0 OTHOMeHHIO K MCXOJHOMY KOJIMUeCTBY repMaHus) AocTurata 
90%. Mexiy TeM H3BeCTHO, YTO THAPOOKUCbIO sKee3a JlocTuraeTca MpakTHuec- 
xu 100% copOuna repMaHiA (3,4) H repMaHaTbI 2keue3a HepacTBOpuMEl (”). 
8B wacrosiem cooOuleHHu MpHBOAATCA pe3yJIbTaTbl viecleloBanuit 110 Ccop6- 
[uM TepMaHUA, Haxossuleroca B pacTBOPe PB Bile repMaHHeBOH KHCJOTEI H AHH- 
bua HGeO, (°), B 3aBHCHMOCTH OT KOHICHTpalluH repMaHHA, pH cycmeH3HH, 


“TemilepaTypbl M BpeMeHH COMpHKOCHOBeHUA OCayKa C PacTBOPOM. Pa6oune Bos- 
“ble pacTBOpb! AByOKHCH repMaHuA H cybata aJOMMHMA TOTOBMJIHCh HS mpe- 
mlapaToB MapKH X. 4. 
K cmecu pacTBopos repMaHHA HM aJIIOMMHMA oOaBAIM TO KallviamM aMMuak 
win wienoub. IIpu sToM Bbinaslat ocaoK THLPOOKHCH aJOMHHHA, cop6upoBaB- 
quali repManuli. KosmnuecTBo coocaxkleHHOrO TepMaHMA BLIMMCAOCb Kak 10 
cojlepKaHMio TepMaHHsaA B OCTAaTOUHOM pacTBope, Tak M Mo comepxkaHito ero 
 B ocalKe THpOOKHCH. 
Anamu3 pacTBopa H THpOOKHCH MOCJE pacTBopeHia B 4 N HCl mpososwics 
no metomuxe B. A. Hasapenko Hi Ap. (*). [ia usmepenua pH ucnosbsoBasica NO- 
TeHuoMeTp JIf-5. 
~  TleppoHauasbHo ObIIM MOCTaBJICHDI OMbITh! WO BbIACHeHHIO BJIMAHHA BPC 
MeHH COMPMKOCHOBeHHA pacTBopa, coylepxKanlero repMaHHi (14 mr/a GeO), 
c ocalKoM M TeMMepaTypbl ocamwKeHHA TIP pecoBom oTHomenun Al : Ge= 100 
u pH 7. Brio ycTaHoBscHo, ¥TO IpY W3MCHCHHH BPeMeHH KOHTAKTA OT 5 MHH. 
jo 48 uac. u TemMepaTypb! OT 20 no 80° (ip o-MHHYTHOM KOHTAaKTe) COOpunA 
" repMaHHsA COCTaBJIAeT 99% or ucxogHoro. B JasbHeliem Bce OMDITP! CTaBHJIMCb 
_‘mpa KOMHAaTHOH TeMmepaType H BpeMeHH KOHTAKTA ocayiKa c pacTsopom 24 4aca. 
Ha puc. | noka3aHo BIMAHME pH cycneHsHi Ha KoJIMYecTBO cop6upoBaHHoro 
repmanua. Kak BUHO, MaKCHMaJIbHas copOuua HaOmogqaeTcaA B HHTePBAJTe pH 
or 6 no 9,6 (ocaxmenne aMMMaKOM), IpHueM MomHOTa OCaKACHHA THApoOOKHcH 
ANIOMHMHUA MOCTHTaeTCA IIpH Goviee HUSKUX SHAUCHH AX pH, uem repMaHia. C ysBe- 
JIMUeHHeM IeOUHOCTH B MepBy!O O4epCb HauMHaAeT PAaCTBOPATLCA THAPOOKHCh 
amomuuua. Tak npu pH 9,6 pactpopserca OKOTO 20% ajOMMHUA, B TO BpeMA 
Kak repMaHuii Ip STOM MpakTHYeCKH HE TlepexOAMT B pacTBOp. Tipu pH 11 (oca- 
sKJleHue EKUM HaTpoM) pacTBopsxeTCA 70% aJOMHHHA HW TOJIbKO OKOJIO 20% rep- 
_ manna. V30Tepma copOlMH repMaHua Ha THAPOOKUCH qJIOMMHHA B WorapHpMu- 
ueCKHX KOOPAMHATAX MpescTaBsieHa Ha PHC. 2, a 3aBHCHMOCTb paBHOBecHoH 
KOHIeHTpalun JByOKHCH TepMaHHA B pacTBope OT MOueKyIAPHOrO cooTHoUle- 
wus AlsO,:GeO2— Ha puc. 3. 


t 


wa” 


ere 
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OTKIOHEHHE KPHBOH COpOMMM OT TIpAMONMHeEHHOCTH (pu. 2), pesKve M37 
MbI HM OoubUIaA BemMunHa ee (2,67 r Ge Ha 1 r Al) yKaspBatoT Ha XHMMUeCKy]p 
Ipupoly CopOuHH, T. €. COpOUMA NPOMCXOAUT B pesyAbTaTe O6pasOBaHUA He 
pacTBOpHMBbIX TepMaHaTOB aJOMHHHA. I]naBubit pocT KpuBOl 0 TOUKH NepBo 
neperu6a (pvc. 2) HM yBemMueHHe paBHoBecHoli KOHICHTp alu repMaHHAl (pc. 
c yMeHBIIeHHeM OTHOWeHHA Al2zOs : GeO2 O6baACHHeTCA TeM, UTO ocak {alollec) 
repMaHaTbI aIOMHHHA OOpasyIoT, BEPOATHO, TBepsbIe PacTBOpbI c rH PpOOKMChHE 
aioMMHUA. LlosTOMy paBHOBeCHad KOHIeHTpallua TepMaHua B pacTBope 3aBH 
CMT OT KOMMYeCTBAa TepMaHHA, COPOMpOBaHHOrFO THAPOOKNCHIO asOMHHUA, T. € 
OT KOHICHTpalluu repMaHaTa B rHApOOKUCH aJIOMHHHA, 


% 


OT 
90+ 
80} 
70k 10 
60+ 
® 
27 B OI 
5 40 = 
S Ree 
& 30 = oon 
20 
¥ goo1 
0 fe ite. y 
Re le. Ry ds et gor 1 10 100 me/n 
ph > [Ge0,) > 


Puc. 1. Bauanne pH Ha cop6uHio repmanua Puc. 2. Ws0Tepma cop6uHn repMaHia Ha ruppo- 
THAPOOKHChIO §=aJIIOMHHHS. Konuentpauns OKHCH aJIIOMHHHA 
GeOs 14 mr/a; Al : Ge = 100. /— mponent 
cop6uHH repMaHHa (ocaxneHne NH4OH), 
2 —mpoueHT cop6uHH repMaHHa (ocaxKze- 
Hue NaOH), 3 — npoueuT ocaxyeHusa ayio- 
MHHHA 


IIpu momapHom oTHomennu AlsOs : GEO2~40 (umm 1 rGe na 30r Al) c6pa- | 
3YeTCH HACHIINCHHBIN TBepwbId pacTBOp repMaHaTa B THAPOOKHCH aJIIOMHHUA | 
H NIP aJIbHelileM yMeHbINeHHH OTHOIMeHHA AlzOs : GeO2 NOABIAeTCA COOCTBEH- | 
Had TBepfad dasa repMaHaTa aJIOMMHHA. C STOTO MOMEHTA PaBHOBeCHaA KOH- — 
eHTP alsa TepMaHus B pacTBOpe yxKe He 3aBHCUT OT OTHOMeHHA AlsOs : GeOo, — 
T. €. OT KOMMUECTBA BbIMABWIerO B OCaOK repMaHaTa, HM ONpeeMAeTCA TOMbKO 
PacTBOPHMOCTHIO MOcHeqHero, coctaBssoulelt ~ 0,32 mr/at GeOez (puc. 2 x, 3). 
ITO IpOUCXOLUT AO TeX NOP, MOKa asOMMHUA XBaTaeT Ha OOpaz0BaHHe TpyAHO- 
pacTBOpuMoro repMaHata. BTopol u3rH6 KpHBOH Ha pHc. 2 HM Meperu6 KpHBOH 
Ha plc. 3 CBUJeETEIbCTBYIOT O HEMOCTATKE aJIIOMHHMA MO OTHOIIEHHIO K CTeXHO- 
MeTPHY¥eCKOMY KOJIMYeCTBY ero B repMaHaTe. BcmegxcCTBHe STOrO KOJIMYECTBO rep- 
MaHHA B pacTBOpe HaYHHAeT Pe3KO MOBbILMIATbCA B 3ABMACHMOCTH OT YMCHbINeHHA 
oTHomeHHA Al2Os : GeOo. 

Takum o6pasom cooTHoulenve AlzO3 : GeO2 B TOUKe MeperuOa OTBEUaeT COOT- 
HOMICHHIO HX B HanOowlee MerKO OOpa3yromlemca repMauate. V3 puc. 3 BUAHO, 4TO 
STO OTHOWMeHHe paBHoO 1,5. LanbHeltuiaa copOuua repManua np AlzOs : GeOs < 
<_ 1,5 BeposTHo o6bacunerca O6pa3s0BaHHeM Gouee pacTBOpHMoro repMaHaTa Cc 
OOMbLIMM cozepxaHvem repManua (2). 

Ham mpeycrapaserca, ¥ro peakiHa MpoTeKaer M0 ceqyiouleMy ypaBHeHHIO: 

1,5 Al,03 4 GeOz . nH,O + 2H2GeOs 4 A) AlzO3 q 3GeQO, = ttL H,0 -++ q H,O 
H MpOXOMMT YO KOHWa TObKO TpH GombuioM us6bITKe GeO2 B pacTBope 
(GeOz : AlzOs > 3, em. puc. 4). 

Takum o6pa3om JWIa Toro, uTOObI copOupoBaTb repMaHH, HaxosALMic# 

B pacTBOpe, Ip KOHHeHTpaluAx MeHee 0,3 Mr/a caekyeT MpUMeHATb OobUIME 


908 : 


4 
OTHOMICHUA AlsOs : GeOz, pu KOTOpEIX OOpa3yr1oTcA TBEpAbIe PaCTBOPbI C He- 
obo KOHWeHTpaltueli repMaHaTa B FHAPOOKHCH aJIOMHHHA. 


‘ Becopoe otnomenve Al:Ge 14 5 100 200 2000 5000 410000 
Konuentpauna Ge, Mr/s 100 30 10 PO 40 FO? 70,04 
Ocaxyenue Ge, % 99099 99 99 96 97 96 


_ TipupezenHble aHHEIe MOKAaSbIBaIOT, YTO MOKHO TipakTHuecKM Halleso oca- 
UTb repMaHut Ha PMAPOOKHCH aJOMMHHA (pH 7—8; 2% (NHa)2SOs) dae ec 


} 
‘ 01234 5 67 1020304050 100 200 300 
Alo0g(mon.)/Ge0, (man) \ 


Puc, 3. 3aBHCHMOCTb paBHOBeCHOM KOHILeHTp alu rep- 
MaHHaA B pacTBOpe OT HCXOAHOTO MOJIAPHOTO COOTHO- 
menus AlsO3 : GeOe 


KOHICHTpallud MepBoro cocTaB/AAeT 0,01 mr/a. Jlaa sToro cieqyeT Opatb Be- 
soppie cooTHomenua Al: Ge = 10000 (uau M AlzOs : MGeOz > 13 000). Tua 
qyauielt KoaryAlMu THApOOKUCK B pacTBOP cmenqyeT WOOaBIATh IJICKTPOJMT. 
MuorouHCAeHHBIMH OFbITaMH ObIIO yCTAHOBJICHO, 4TO jyoOaBsleHHe B KayecTBe 


SJICKTPOJMTOB TaKHX comeH,& kak 
NHuCl, (NHa)2SO1, NaCl mpakTH- = 2 
yecK He BuIMaeT Ha COpOIHIO. Ss 
Haiinenupie Hamm ycnoBua Komu- S28 , 
yecTBeHHOM copOmMH repMaHHaA ruq- $8 
poOOoKHcHIO aIOMHHMA MpH ee 60Jb- Ss 
mMoii cop6iuoHHOH cmocoOHOCcTH NMO- 6 : : ; i : 


° 2 0 
BBO MpeAOKUTb HOBLIM BECOBOH Ge0,(mon)/AL,03(mon) 6 pacmBope 
MeTOJ ONpemeeHUuA NOM YMUKpOKOIH- 
tects Ge (> 100 mr/m) B pacTBope. 
OnpenemenHue MoxeT ObITb OcyilecT- 
BeCHO MyTeM OCaKACHUA AMMMaKOM 
Boil — 78) uspecTHoro komuuecTBa aJIIOMUHHA H3 UuMCTOrO pacTBopa 
WM U3 pacTBopa, comepxKailero repManni. B o60uxX cmy4¥aaxX OCaLOK PUMbTPyIOT, 
‘TIPOMBIBAIOT, TipOKaJIMBaloT | H  B3BeIMBAIOT. BenuuuHa lmpuBeca ocaKa BO 
BIOpoM cjyyae COOTBETCTBYeT COeprKaHHIo repMaHHA B HcibITyeMOH mpode 


‘pacrBopa. 

; ToctynHs0 
a 25 IV 1961 
t LIMTHPOBAHHAA JIUTEPATYPA 


1K. Kraus, Second United Nations International Conference on the Peaceful Uses 
of] Atomic Energy, A. Conf. 15 (p), 1832, USA, June, 1958. 2R.Schwarz,G AP ie ee 
‘ge ser, Zs. anorg. u. allgem. Chem., 208, 65 (1932). °T. A. Kpwxkosa, Cree ie 
HakosBa, T. B. ApegppesBa, Toasporpauueckuit ananus, M., 1959.) £1. VG a 
b yapeKxaa, M. A. Winupt, JLAH, 134, Ne 5, 1108 (1960). © A. A. 3BOpPpHKHH, 
'®. M. Tlepeapman, H. 3. Bab6uesckaa’, T. H. Denoposa, KHX, 5, B- 8, 
R717 (1960). ® Lourijsen-Teyss &édre, Bull. Soc. Chim. France, Ne 9, 1118 
7(1955). 7B. A. Hasapeuxo,H. B. Neéenesa,P. B. Papuukad, 3aB 16, 
Ne 1, 9 (1958). 


Puc 4. Moaapunre cooTHomenua GeOs : AleO3 B 
ocaKe B 3aBMCHMOCTH OT * HCXOJHBIX, COOTHO- 
WeHHH 9THX KOMMOHeEHTOB B pacTBOpe 
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C. §. WIHAMJEPMAH u H. E. KAJINHHYEHKO 
AUWETATHbIE KOMIMJIEKCbI THTAHA 
(ITpedcmaeaeno axademuxom A. A. Ipunbepeom 7 III 1961) 


IIpu KomopuMeTpuyecKkux onpeleseHHAX THTaHa C OpraHMyecKHMU peareH 
TaMH, a Tak?Ke Ip M3SyYeHHH B3aMMOeHCTBUA B CHCTeMaX THTAH — OpraHnuecy® 
Ki KOMIMWIeKCOOOpaszoBaTeJb, YACTO MOMb3YIOTCA alleTaTHbIMH OydepHbIMH CMeq 
camv. BovbuivHcTBo UCCeqOBaTeeH He Y4HTbIBAIOT BOSMOXHOFO B3avMOLeH4 
CTBHA Covvleli THTaHa C alleTaT-HoHamu. Halu OMbITb! NOKa3asIM, YTO NOJOOHEIM 
B3ANMOJEHCTBHEM YacCTO TIpeHeOperatTh HEJIb3A. | 

Iipu 6oubmiux u36bITKax alleTaTa HaTPHA COJIM THTaHa MOryT yepxKHBATECA} 
B pacTBope np pH 6 u Bblle, B TO BPEMA KaK COJIAHOKHCJIbIC paCTBOPbl THTAHAl 
pW TeX 7Ke KOHIMEHTpallMAx THAposunsyroTca mpw pH I—2. Kpome Toro, mpy 
BBEeCHHH OOJIbIIOrO H3ObITKa alleTaT-HOHOB OCJIaOeBaeT OKPaCcKa MPH KOJIOpH- 
MeTPHUECKOM OMIpeNeJIeHHH THTaHa, OCHOBAHHOM Ha OOpasoBaHHH OKpallleHHbIX 


wie 2 THTAH CBASbIBA€TCH MpaKTHUeCKH MOJIHOCTHIO. | 
Mbl Vi3yuWJIM KOJIMYeCTBEHHY!O CTOPOHY B3aMMOeHCTBHA TUTaHa C alleTaT } 
VOHAMM CCaxK CHEM THTAaHa B IIPHCYTCTBHU OOJIbIUMX M3ObITKOB alleTaTa HaTpHA,| 
VicxoHble paCTBOphi: pacTBOp ueTbIpexxsiopuctoro TuTaHa* B 2N HC} 


(Cr, = 0,19 M); pactBop alletaTa HaTpHA MapKu 4. O. a. (CNaac = 1 M). 
OnbITbI NOKasaH, YTO pH LOOaBJIeHHH WleOUH K pacTBOpy THTaHa B YKCyC-j 
HOH KHCJIOTe THTAH OCaxKavicd HeoOpaTHMO, 4TO, N0-BHJMMOMY, CBA3aHO C Iipo-} 


lkeCCaAMH H3MCHEHHA COCTaBa HM CTpyKTypbl ruzpookucel (7). [lostomy paBxosec-} 
Hoe 3Hauvenve pH, pH KOTOpOM HauHHad OCaKLaTbCA THTAH, OMpee/AJIOCb} 
HaMH CJ1@LYION{MM O6pa3s0M: B HeCKOJbKO KOO Ha 50 Ma oOaBIAIM OLHO 4H TO} 
ve KOJINYUECTBO pacTBOpa alieTaTa HaTpHA, 3aTeM NpusHBanH HCl c Takum pac-) 
4eTOM, YTOOb! CO3aTb Wikadly 3HauyeHHH pH c uHTepBasom 0,1—0,2 eqMHHUBI. | 
Tloce STOrO B KaxKly10 KoJOy AC6aBANH OLMH M TOT xe OObEM pacTBOpa COM 
THTaHa. SHayenua pH Beex pacTBopoB H3MepsuiM Ha pH-metpe cucTempt JIII-5 
CO CTCKJIAHHBIM SJIeKTpofoM. Kpome Toro, 3aMepsJiaCb OMTHYeCKaA IIJIOTHOCTb | 
CycieH3HM Ha (oTOKONOpHMeTpe — Hedesometpe IK H-54. YrounenHoe 3Ha- 
uenne pH Hauvasa ocawKeHHA THTAHA ONpeleANOCh 9KCTPanoNAMMeH NoOmyyeH- 
HbIX 3HaveHHH pH Ha HyweBoe 3HayeHHe ONTHYeCKOM MOTHOCTH. OnbiTbl 10Ka- 
3aJIM, UTO PaBHOBecHe yCTaHaBJIMBaeTcA uepes 20—30 MMH. Tocwie CIMBaHHA 
pacTBOpoB. NOTA pH STOM THTAH ellie MpoOfosmKaeT OcaKAaTECA, 3Ha¥eHHe PH 
ocaxKeHHA (HaHJeHHOe, KaK OMHCaHO BBIIlle) MpakTHuecCKH He H3MeHseTCA. Bee 
OMbITbl NPOBOAMJIMCb Mp KOMHAaTHOH Temnepatype (22+-0,5°) u mocTOAHHOM 
SHAYCHHH HOHHOHW CHVIbI p = 0,5 (NaCl). Pe3syapratpl ompezesenuit pH Hauana 
OCaKJeCHHA COeH THTaHAa Cu1elyioulue: 


Kouuentpauma TutanaX10? M 3,82 3,82 3,82 3,82 3,82 5,30 5,20 3,04 
KonueHTpanma auetata natpua 0,10 0,20 0,30 0,40 0,60 0,37 0,58 0,55 ~ 
pH nayano ocaakgenua Tutana 2,22 2,35 2,57 3,03 3,93 3,69 4,40 4,55 


* PacTBop yeTbipexxsopHcToro THTaHa MapKH 4. MeperoHAH Hak aMaJIbraMOlt HaTpHA H 
pasa ModBepradH JpoOHon meperouke. 
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CHO/b3 YA 3TH AHHbIe, MbI MOTbITAJIHCb ONpeAeJHTb COCTAB H MpOUHOCTh alle- 
HBIX KOMIJICKCOB THTAHA. Tlpu stom ucxogusM u3 Toro, 4TO HE CBA3 aHHbIM 
(OMIIEKC THTAH HAXOMMTCA B pacTBope B BU TATAHHJI-HOHOB (nanpumep (*)), 
AIICHTPALUA KOTOPbIX IPH SHAYCHHAX pH G6eckoneyHo OIMSKUX K pH nauasa 
MK ICHUA OMpeesAeTCH MPOHSBELeHHEM pacTBOPHMOCTH THAPOOKNCH THTAHHJA 


TIP = ariowd6y- = Nea a as ee Ms a 


Ilpeqnonaras, uTO KOMIMeKCOOOpasoBaHe NpoTekaeT cTyMeHyaTO, AIA KOM- 
excop TiOAc*t, TiOAce u T. A., MOXKHO BHIMMCIUTb UX KOHCTAHTBI yCTOHUH- 


cTH 


senyRone yt [TiOAcs] 
Bi = [TiO2+] [Ac-]’ Be = [TiO?*] [Ac~}? 


) metogy Jlegena (*), CylHocTh KoOTOporo CBOMUTCA K rpactbHuecKol 9KCTpa- 


© o—1 — 
nanan byHKunl yi = Tay? tp2 oy u T. 2. Ha Hysepoe 3HayeHHe 


JHICHTpanWH anmenya PACT 
A eat 5 
| ZaKoMMyleKCOBaHHOCTb Ores Tho#}’ rae [Tiosm] — WcxOMHat KOHILCHTpalna 


Hate is 


arana. 
_ PaBHOBeCHyt0 KOHILEHTp allhto TATAHUJI-HOHOB MOKHO OIpeeIUTb NO ypaB- 


eHTIO 


; atte a baie 


YrTio2t° abH- YTioe+K H,O 


KooPpulHenT AKTHBHOCTH THTAHHJI-HOHA JIA MOHHOM CHVIbI = 0,5, Obl pac- 
WUTAH HAMM KaK JIA ABYXBaeHTHOrO HOHA BOOOULE TO TaHHbIM padoTbl (°). 
lomyueHHoe 3HayeHHe YrTio*t — 0,115. Woxunoe mponspezeHHe, BOP! (Ku,0) 
na 22° uw MOHHOM cub p= 0,5 paBHO ‘sid fd (8 aiag hl 

" Konnentpamua ateTaT-MoHop oMmpeseamach 10 B 
ypaBHeHu10 / 


3 Ky Ac i B, hs 


[Ac] a [NaAc] i pas (Kae) ° 


12 

le 

_ Uncnenupie 3Hauenua cbyHKUMH Yi Y2 MpHBee- 4, 

‘ABI B Ta6s. | S 

- 3yaueHua KOHCTAHT ycTOHuMBocTH pi 4 Be mony- = 
4 


IMCHbI CIE YIOULMe: 
iy 


i} pee76 108; Ba = 1,8-10°. 


\ KouctaxTel HeCTOMKOCTH alleTATHbIX KOMITJIEKCOB 
6OyayT paBHE: 


0 2 4 (Ac) -/09 


Puc. 4 
[TiOAct][Ac7] ay asic: 


4 piiOe* (Ae) ue 
Bay FTiOAg yy) 1-10"; Rae [TIOAcs] 
Ta6aunma l 
PaBHOBeCH. KOHLI. 
K : - 3 - | 
cmranuaaonoe’ | iQ'(Reey | “camer @ ‘ ’ 
4 ,80-10-° 2,64-10° 4 Bh oe 10? (those Onmelae 
6,60-107 § TAGA0=4 5, 80-102 8,1-10° 0,8-40% 
2740-10-* 477 -40-5 1,59-40-3 9,0-10° 0,8-108 
2,88-10-7 6, 10-10" 7 il ayehonl Oe 4,9-4108 4,8-108 
4.56:10-° 7204072 8,40. 10° 1,17-107 M52 «108 
4-38 -10-® 2. 70-10— 2 3,83-10° 4,43-107 Deo sos 
5,60-10- *° 4 ,64-10-1 0,95-10-7 5,70-4107 Bie lajanll) 
262-40- 97-1072 1,16-107 5,90-107 3,0-108 


~ 
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[lonyueHHble pesybTaTbl ObIIH MpHMeHeHbI HAMM TIpM OODACHeHMM Ae 
TOpbIX CBOMCTB TUTAH-peHOMbHEIX KoMMIeKcoB. Kak MOKa3aqM HallM OMBbITI 
ripH ompeyeseHHEIx ycnopuax (pH 2—4) B3sauMogelicTBue THTaHa Cc o-nOHg® 
HOJIaMU B IIpHCyTCTBUUM alleTAaTHbIX HOHOB IpOTekaeT 10 CxemMe 


TiOAc, -+ nH2R = TiORa + «HAc + (22 — x) Ht 


(3HaKH 3apsf0B onyurenbt); HeR — AByXaTOMHbIli PeHONI. B To xe BpeMaA Mf 
pH 1—2 yxcycnaad xKucyloTa He BbISbIBAaeT H3MeHeCHHA OKpacKH (beHOJbHE 


r TiR»][H+]2 ne 
it = HON ALRE = 10.90) HW WepeCKMCHBIX ke = 


[TiIO-H,02*] 
pie eA ee a (4 
[ TiO?*][ H2O2] } 
KOMILI€KCOB THTAHA, XOTA pacueT Ha OCHOBAHHM NOJYYeHHbIX HAMM JI@HHBIX Ii 
Ka3bIBaeT, UTO IPH STOM 3HAYHTeIbHaA “acl 
THTaHa JOJOKHAa Oblia Obl ObITb CBAZAHHOH IP 
8 Oe€CIIBETHbIE alleTaTHbIe KOMIIVJICKCHI. 


/ 


Takoe HeCOOTBETCTBHe MOXKHO OOBACHHTE 
23 ee TeM, 4TO pH oOnpeseneHuH mpouHocTe 
ST ° II€PCKHCHBIX HW (PeHOJbHEIX KOMIJICKCOB THTAS 
7 YM cae 2 {Ac}: 102 Ha He Y4HTHIBaIOCh B3aMMOJelcTBHe MOceL 
Hero C AHHOHAMH HeOpraHHyecKHX KHCJIO 
(Cl-, ClOy, SOF), B mpucyTcrBMM KOTOpBI: 
IIPOBOAMIHCh ONpemeseHuA (HMeIOTCA, Hanpy 
Mep, JaHHble 06 O6pa3s0BaHuM KOMMIeKCOB THTaHa c CIO; -nonamn (°)). [Las 
OObACHCHHA CKA3AHHOLO BbILNe MPHXOAMTCA NpemNONarath, YTO B STHX YCMOBUAY 
(pH 1—2) mpu Konnentpaunu NaCl papuot 0,5 M KonnenTpauua THTaHH 
vonos [TiO?*] = 10-8 [TiOCI,], rae TiOCl, — xnopHazHbIe KomMmeKcEl He} 
M3BeCTHOrO cocTaBa. 

YcTaHOBJeHO, UTO COMM THTAHA OOpPasyIOT C YKCYCHOM KMCJIOTOL H ee COuAMM) 
OeCIBeTHBIe KOMIVIeKcCHbIe coequHeHUuA. IIpu pH 2—3 o6pasyetca mpocTeHimM | 
Komntekc TiOAc*, a npH 6omee Bricoxkux pH — TiOAce. PaccavTaHHble m0 Me4 
TOLY OCaKCHHA THTAHA KOHCTAHTHI HECTOMKOCTH JaloT JIA MpocTeHuiero KOM 


ae Krioact = 1-107° u ana Oonee cnomHoro — Ktioac, 


| 


KuescKnit Hloctynwio 
MOJMTEXHHYCCKHM = HHCTHTYT GALI, 196% 


UMTHPOBAHHAA JIMTEPATYPA 


1A. K. Kacumos, Mss. AH KasCCP, cep. xum. 10, 10(1956). 2 D. Delafosse, 
C. R., 240, 1991 (1955). *C. Gharlot,.R. Ganguin, Les méthodes d’analyse de 
réactions en solution, Paris, 1951. #1. Leden, Zs. phys. Chem., A 188, 160 (1941). 
° iB. A. Kupees, Kype dusnueckon xumuu, M., 1951. 68 CnpaBouHHK XHMHKa, 3, M., 
1952. * A. K. Ba6xo, A. VW. Boa Kosa, KOX, 21, 1949 (1951). 
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CP + at fae 


XHMHA 


Unen-koppecnonzent AH CCCP M. ®. INOCTAKOBCKHH, H. B. KOMAPOB 
u tO. B. MAPOLHH 


CHHTE3 HW HEKOTOPbIE NPEBPAWIEHUS CHJIAHOJIOB 


; 
BUHWJIAWETHJIEHOBOrO PATA 


_ HanOouee BaxKHOU H TepcneKTHBHOH OOMacThIO XHMHHM KpeMHUMoprannye- 
mx coeiMHenHit ABJIAIOTCA KUCOPOMCOLepxK alle COCAMHEHUA, CpeAM KOTOPbIX 
fOObIli HHTepec MpeACTaBMAIOT MONMOPFaHOCHOKCAaHEI, CHJAHOJbI H KPpeMHHH- 
praHuueckue CIMpTH. | 

_B pavee mposeseHHbIX MCCeOBaHHAX HAMM ObINM OMMCaHbI CHHTe3 UH TIpe- 
DaUleHHA pa3JIMUHbIX KPCMHUMOpraHHuecKHX TIpeeJbHbIX M alleTHJIeCHOBBIX 
IMPTOB (1) w cunanonos (7). B antepatype (°,*) MMCIOTCA HEKOTOPbIe yKa3aHHA 
@ B3auMofelicrsue peakTuBos I punbapa C MOMMOpraHocuJIOKCaHaMH, OAHAKO 
TCyTCTBy!OT KaKHe-JIHOO JAHHBIe O PeAKILHH MOJMOpraHOCHJIOKCaHOB C peaK- 
apamu Vionwua. B aHHoM COOOMIeHHH MIpMBOAATCH JMUIb NepBble pesyJIbTAaTHl 
gcTeMaTH¥eCKOrO M3yYeHHA peaKkIMH B3aHMMOJeHCTBUA pa3JIMUHbIX PeaKTHBOB 
fomua c pasHooOpa3sHbIMM MoOJIMOpraHocHJIoKcaHaMn. 

_ B wacTosiem ucceqoBaHin B3auMojelictaue peakTuBpa VMouuya c mosmHop- 
AHOCMOKCaHaMM W3y4eHO Ha MIpHMepe peakIlMH MarHuOpoMBUHMJalleTuseHa 
TIOMMAMMETHJ- HW MOJIMAMSTHJICHJIOKCaHaMi: 


y CH, = CH — C = CMgBr + (RR’SiO), > CHz = CH —C =C (R): SiOH, 


ne R u R’ — oMHOMMeHHbIe H PasHOMMeHHBIe paMKaibl (H, CHsg, CaHs u ap.). 
Jina WoKaszaTeibcTBa CTpOeHHA MOJYYCHHbIX CoeMHeHHH Obl OCyULeCTBICH 
CTPeuHEIi CHHTe3 JUMeTHIBUHMISTHHMICHAHONa OMbIICHHeM JIMMeTHIBAHHI- 
MOTUIXJOpCHaHa: 

BCH, = CH — C = C(CHs)s SiCl -+- NaOH — CHz = CH — C = C(CHs)2 SiOH + NaCl. 


_ Takum o6pa30Mm HalieHo Ba cnoco6a NOJyYeHHA BUH JIalleTHJICHOBBIX CHJIa- 
JIOB, ABJIAIOWIMXCA HOBbIM KJIACCOM KpeMHUMopraHuyecKuXx CoeqMHeHHH. 

_ JIWMeTHABHHYJISTHHNIXJOpCHaH MpPHTOTOBJICH peakiieH B3aMMO/eHCTBUA 
[arHuiiOpoMBUHWaleTHIeHa C MHMeTHJAHXJIOPCHaHOM: 


| CH, = CH —C = CMgBr + (CHs)2 SiClp > CHa = CH —C = C (CHs)2 SiCI + MeCIBr. 


Kpome TOTO CHHTe3 JMMECTHJIBUHUJISTHHMIXJOpCHaHa OCyIeCTBIeH HaMH M0 
mewyroulet cxeme: 
ff, = CH — C=C (CH,)s SiOH + SOCl, > CHa = CH —C= C(CHs)2 SiCl + SOz + HCl. 


Tpu eHCTBUH XJIOpUCTOrO THOHHMJIa Ha JIMMeTHJIBHHMJISTHHMJICH AHO paspbi- 


4 cpaisu Si — C ne HaOmosaerca. 
Kunsauenie BHHMJaleTHJeHOBLIX CHJIaHOJIOB B MpucyTCTBUH noTaiia, a TaK- 
3aMelleHHad MeperoHKa STHX COeAMHeHM MpHBOAUT K AeruApaTaluyt UX 


OOTBETCTB YIOULHE BUHUJalleTHJICHOBBIC WUCHJIOKCaHbl 


we 


BuHMaleTHJIeHOBEIe CHJAHOJIEI erKO MpHCOeAMHAIOTCA K BUHMJIa/IKHJIOBBIM 
cbupam B IIpHCyTCTBHH CJIeL0B KOHICHTPHPOBaHHOM COJIMHOM KMCJIOTHI C oOpa- 
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30BaHHeM HeONMCaHHbIX B JHTepaType KpeMHHMOpraHuyeckHXx alleTaieh BUH 
alleTHeHOBOrO pxsa: 
OCiH» 


al 
CH, = CH —C = C(R)z SiOH ++ CHy = CHOC,H, — CHs — C e 
OSi (R)z C= C—CH=@ 


{ 
BuHAalleTHJICHOBbIE CHJIAHOJIbI, XJIOPCHJIaHbl, AMCHJIOKCaHbI WH alleTaJiv § 
JIAIOTCA JIETKO MOJIMMeEPH3YIOUIMMUCA COCLMHEHHAMNH. Tlonumepnsauna uM CO 


JIUMepH3aluA UX W3Sydaercs. 


DIKCNePpHMeHTANbHAA WYACTH 4 


CuuTe3 RUMCTHABHHHASTHHUACHAAHONA. K peaKt 
sy Mounua, npurotosenHomy u3 163,5 r (1,5 r-mMoma) Opomuctoro sTuua, 36, 
(1,5 -atoma) marnua B 400 ma a6c. apupa u 78 r (1,5 r-Moua) BUHMAAaleTHIE 
IPH HarpeBaHH Ha BOJAHOM Cane M NepeMelIMBaHuM NpHnuBanu 50 © nomMAe 
MeTHIcHiokcana. Cmecb HarpeBalH pu nepemewuBanuu ete 1O—12 uac. 3m 
TeM IPH OXsaKLeHHH Jo 0° ocTopoxHo pasnaramm 10% HCl u nocne oOpaHe 
oOpa6oTku Bbigenniu 36,7 r (43,4%) BemecTBa c T. Kum. 56—57°/10 Mi 
ne) WASOOra 0,8943: MR naiineno 40,09, srraucaeno 38,00. 


Hatigeno %: Si 22,43 
CgHiSiO. BrruncneHo %: Si 22,25 


AnasormuHbiM o6pa30M ObIIM MOJyYeHbI STHIBHHHJISTHHMJICHIaHON M Dy 


KOCTH C KapOHHOJIbHbIM 3allaXOM, XOPOLO paCTBOPHMble B OOJIbUIMHCTBeE Opr 

HHYUeECKHX pacTBopuTeven HM MJIOXO pacTBOpHMBIe B Bose. Ilpu XpaHeHHu Ha CBe 
XKEJITCIOT, BbIeJIAIOT BOY H MNOJIMMEpH3 ytoTCH. 

Ta0 a wit, a vl 

@u3vKO-XUMUYeCKHE KOHCTAHTH NOMyYeHHBIX CoequHeHnH 


MR 


Mopmya coequHeHuA 


Ne Wo nm 
Eales 
= 
Kc} 

Ll 
ie} 
43 
= 
S 


(CH, = CH — C =C) (CH,),SiON 56—57/10 1 ,4800)0,8943) 40,09} 38,00) 22,43) 22,25)43 


4 

2.| (CH, = CH — C =C) (C,H,)SiHOH 64—65/22 1,4715|0,8960) 39,41] 39,26] 22,55} 22,25/23 

3) | (CHy=(CH = 'C = GC) (GH, .SiOH 60—62/13 1, 4875}0,9134| 48,62] 47,28] 18,54] 48,20/30, 

Lal (CH; =iGH = G =iG) (GH SiCl 538—54/26 41,4694/0,9570) 42,15) 41,72) 19,23) 19,42/53, 

5 | [(CH, = CH — C = C) (CH,),Si],0 98,5—100,5/12 |4,4730/0,8911| 73,80] 72,54] 24,21] 23,96]33,| 

6 | (CH, = "CH — C=C) (CH,),SiOCH- 71 ,5—73/8 4 ,4504|0, 884 56, 
ach As / ,8846] 64,56] 63,14] 13,02] 13,23 

1 | (CH, = CH — C= GC)(CH)ssiOCGH- 411—113/26 41,4514 32, 
eee =¢ (CH,)» /: ; 0,8849} 69,412] 67,77] 12,37] 12,44 

Sui! (CH = CH= GC —= GC) (GlE).SiOGH= 90—91/9 4 ,4558/0,8816] 78,52] 77,03] 11,20] 14,04/64, 


(CH,)OC,H, — H 


1 


CuHTe€3 TUMCETHABHHYAITHHUAXAOpcuaaua. B npu 
Gop Aut cuHTesa emKocTEIO 50 mu nomemasu 19 r (0,15 T-MOJIA) CBexKerleperHaH: 
HOTO JMMeTHJBUHKJISTHHMJICHaHONa M1 r nupwyuua. IIpu oxnaKxgenuu u nepe 
MELUMBaHHH TpHOaBlatM mo KanisM 26 r (0,21 r-mons) xnopuctoro THoHMIa 
Cmect nepememupain 10 ac. np oxnaxkenuu u 12 yac. np narpepanuy Ac 
60° u 3aTem neperouasid B Bakyyme. Ilonyummm 11 r (53,4%)  BemectBé 
CT. Kun. 53-54 /26mm,n% 1,4694, ei0 0,9570; MR nalineno 42,15, pprancaenc 
41,72. 

Hatigeno %: Si 19,23 
CeHeSiCl. Brerancneno %: Si 19,42 
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JiMMeTHABHHHISTHBMAXJOpCHaH Obi MoOuyYeH TakxKe peakllvel B3avMO- 
iCTBUA MarHUMOpOMBHHMJaleTHIeCHa C AMMETHIAMXJOPCHAaHOM C BbIXOLOM 
4%. 

Cuures TUMCTHABHYHHAITHHHACKHAANONA. B mpnoop 
| cHHTe3a emMKocTBIO 0,5 1 nomentaiu 11,2 r (0,075 r-Moma) JHMeTHJIBHHHJSTH- 
mxopenana, 2 Kalin henouptanenna 4 50 ma a6c. sdbupa. Cmecb oxslaKyasn 
—5° M TIpH SHeprHyHoM MepeMeMiMBaHMM TMocTeneHHO IIpHJIMBaIH K Hell 
5 N pacrsop NaOH jo nosssjenua ca60-po3soBoro ycTouuusoro oKpallluBa- 
a cmecu. Bomubili cmoit oTmenamM oT apupHoro u Mocse OObHHO OOpaboTKH 
enenuero Bbifenamu 6,2 r (65,5%) AMMeTHIBAHWISTHHMJICHaHOa H Dod a 
1%) TerpameruOnc-(BUHMJISTHHHM)-kucusoKcana. 

Cuute3s TeTpameTuaoOuc- (BHHHAITHHHA)-Rucusr- 
ccauna. B xkpyrsosonnyio ko6y emKocTbI0 50 Mi, CHaO@KeHHY10 oOpaTHbIM 
NOMMAbHUKOM, nomenlamu 35 r (0,28 T-MOJIA) JMMeTHJIBUHMJISTHHMJICHIaHoONa 
5 r mpoKavsleHHOro Noraula. Cmecb narpesasm npu 80—90° B Tegenne | aca, 
Fen OXNaK Manu, PUILTPOBaIM u MeperonaM B BakyyMe. IIpu neperoHKe Mo- 
quJM 12 Yr JMMeTHIBHHUISTHHMICHIaHONa = T. KUM. 60—61°/12  wM, 
mo 1,4780 u PEER (333 %) TeTpaMeTHJI- JM -(BHHMJISTHHU)-AMCHIOKCaHa 


KUM. 98,5—100,5°/12 mm, 19 1,4730, a 0.8911; MR xaitpeno 73,80, 
mucneHo 72,04. 
. Haiineno %: Si 24,21 ” 
7 CyoHisSi2O0. Buramcueno %: Si 23,96 
Cuute3s AHITHABHHUNITHHHACHANTOyYTHAANeETAN SA. 
MpHOop AA CHHTe3sa NoMellasM CMeCb Ar (0,03 r-mMoua) (H9THIBUHWJISTHHMI- 
Wavoa u 3,0 Tr (0,03 r-Moma) BuHUOyTHIOBOrO acpupa. 3aTem Mp epeme- 
ABAaHMM MIpvOaBJAIM ONY Kallio KOHL. HCl. TemmepaTypa cmecH pe3ko 
AHUMAaNacb [0 49°, JIna 3aBepuieHua peakuuu CMecb HarpeBasu ele 1,5— 
qaca mpu 60—70°. SaTem peaKIMOHHYy10 CMeCb HeliTpasM30BaJIM MpOKasleHHbIM 
OTauiom, @UIbTpoBaiM H NeperoHANH B pakyyMe. I]pu meperoHKe Bbljle- 
imu 4,21 Tr (61,4%) BemlecTBa c T. KUM. 90—91°/9 mm, 129 1,4558, 20 0,8816, 
R uafijeno 78,52, pptuucieno 77,03. 

Haiigeno %: Si 11,20 
ip CysHieSiOn. Beruncneno %: Si 11,04 


> 


= AuajOrHuuHEM o6pasom NoJyvenbl JIMMETHJIBUHHJISTHHJICH JIM IM30N ponnt- 
leTaub U MUMeTHIBUHMJISTHHMICUIMIOYTHIaleTaub. KpemuuioprannueckHe 
HHH JI aleTHJIEHOBbIe alleTaJiu — OeCIIBeTHbIe KHAKOCTH, pacTBOpHMBbIe B Opfa- 
ae pacTBOpHTeAx HM HepacTBOPHMble B BOTS, OO1alaroT IPMATHBIM 3alla- 
IM, IPH AMUTebHOM XpaHeHNM *KeTeIOT U MOJIMMepHsyIOTCA. 

| WpxytcKui HHCTHTYT opraHHueckol XHMHH TloctynHs0 
_Cu6upcKoro oTyenenun AKkafeMHH HayK CCCP 18 Iv 1961 


I[MTHPOBAHHAA JIMTEPATYPA 


5, 
j 1M. © Ilocraxoscexkuit, MH. A. Wluxues, H. B. Komapos, Yen. X¥M., 
Ne 10, 1087 (1957). 2M. ®. HloctaxkoscKkui, H. B. Komapos, UM. A. Iu 
| Yen. xum., 28, Ne 6, 741 (1959). 3 Se Kei p pul eh Jit B: Hacc k fiona, 
Chem. Soc., 99, 138 (1911). *R. O. Sauer, J. Am. Chem. Soc., 66, 1707 (1944). 
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Jlonaanm Akayemun nayr CCCP 
1961. Tom 139, Ns 4 


PH3BHTECKAA XH 


A. JI. BYYUAYEHKO u M. B. HEAMAH 


PA3SIEJIEHHE CBOBOJHbiX PAXMKAJIOB METOAOM 
XPOMATOrPA®HH HA BYMATE 


(I1pedcmasaeno axademuxom B. H. KoxOpameeseim 7 IV 1961) 


Vissectuo (1,2), uTo MHOrHe aJIKHJIZaMelleHHble (PeHOMbI CMOCOOHEI pH O 
JIeHHM OOpasOBbIBATh KHHETHYCCKH CTAOMJIbHbIe panukasbl. OOpasoBaHHe Pp 
KaJIOB IpOHCXOMT NyTeM OTPbIBa THAPOKCHJIBHOTO Bosoposa. Takue nepBuul 
(PeHOKCHPaLUKaJbl LalOT B Pe3YbTATe TaMbHeEHWIMX PeaKIMH MPOMYKTHI, KC 
pble B CBOIO OYepeb TAK2%KEe MOTYT OOpPAa30BbIBaTb BTOPHYHbIe CTAOHJIbHBIE pal 

Kauibl. [lockobky OOpa30BaHve MepBHYHbIX HU 


THnoB. VccneqoBpaHHe STHX UpoleccoB MeTOy 
9JIEKTPOHHOTO TapaMarHHTHOFO pe3OHaHCca B OOF 
HbIX YCJIOBHAX 3aTPyMHeHO 3-3a HaslomKe 
CHeKTpOB palMKaJIOB MH CJIOKHOCTH UX pacill 
poBku. B weax HajexKHOCTH aHaJIM3a CneKTp 
HeOOXOJHMO ipesBapHTesIbHOe passeleHHe payuy 
JIOB HW HCCIeqOBaHve MX CICKTPOB 9. Il. p. B 
ebHOCTH. PasyemeHue Obl OCYLeCTB/IeHO Hal 
B culyyae pasukanoB 2,6-,uTpet.-6yTHJI-4-Me 
(peHovia (HOHOuIAa). 

CnekTp 9.1. p. MepBuuHoro pasuKala HOHO 
moka3aH Ha puc. |. Kealpynuer c paciulenmenn 
MexKAy KOMMOHeHTaMH 11,4 spcT. HM COOTHOMIeHH 
echoed MX MHTencuBHocTeH 1:3:3: 1 BO3HHKaeT IT 

aA B3aMMOMeHCTBHH HECIapeHHOTO 3JIeKTpOHAa C IIpoT 
Puc. 4. Cnextp 5. Il. p. ep- HaMH Me€THJIbHOK rpylilibl B Mapa-MoJIowKeHHu 
BuNHoro padukata UOHOa  atomy KHCcsIOpofa. Kaxkad KOMMOHeHTa KBasp 

JleTa pacilielieHa Ha TpH JIMHHHM C COOTHOLIeCHH 

uuTeHCuBHOcTeH 1:2:1 4 paccrosHwem mexiy uwumu 1,7 sper. Tax 
pacilenJieHHe MPOWCXOMHT Ha JBYX SKBUBAJICHTHBIX MpOTOHaX B MeTa-IIOJI 
*KCHHH O€HSOJIbHOTO KOJIbILa. Paculenenve Ha MeTa-IpoTOHax, a TakxKe Maw 
BeJIMYMHA PaciilereHHA Ha MpOTOHAX MeTHJIbHOM Ppynnbl M0 CpaBHeHHl C pail 
Kasiom CH; (26 sper.) (*) cauqetenbcTBy10T Oo JeoKau3alluH HeclapeHHOro ave! 
TpOHa MO KOJIbULY, YTO H ABJIAeTCA OMHOM M3 IIpH4MH CTaOMJbHOCTH STOFO pay 
Kana. Ileppuunpili paguKan oOpasyeTCa Np OKMCJIEHHM MOHOWIa JBYOKMCHIO CB. 
Ha, pH B3aHMO/eHCTBHH efo C NepeKHCbIO OeH30uIa, MepKapOoHaTOM WHKore! 
CHa, a TaKxKe pH coTomMse H paxvomuse Monova (4). Tipu oKucieHHuH HOHOS 
ABYOKHCbIO CBHHIa OMHOBPeMeHHO C MepBHUHBIM pakHKaJIOM MOABJAIOTCA H BT 
PHUHEIC, SHAYHTEJIBHO YCJIOMKHAIOMIMe KapTHHy CieKTpa 3. M1. p. = 
na pasqerenua pagukasoB ucnonb30Banach XpoMmatorpadua Ha Oymare 

KaveCTBe NOABHXKHON a3bl HCMOMb30BaIMCb TOJYOJI, STHJIOBLIH CNMPT H 
THIPEXXMOPHCTHIK yruiepog. M3 oKucumlouleroca yraeBosoposHoro pacTBOP 
MOHOJIa OTOMPAJINCh MpOSbI HM HAHOCHVJIMCh B BU NOOCKH BOWM3H HYDKHerO Kp 
JCHTH PUJIbTpoBasIbHOH Symaru, Iocne BbICYIIMBaHHA JICHTa ONyCKaJlacb HHA 
HUM KpaeM B paCTBOPHTeJIb, ClyKallM NOLBMxKHOH dbasol. Hauayumee pas 
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fe NpOUCXOMMNIO Mp SJIOMPOBaHUn 96% sTusOBbIM ciupToM. B 3ToM cilydae 
pceHHad MO/IOCKa pacTBOpa OKMCJIEHHOFO HOHOMA TeTKO pasqeiisach Ha Ba 
ya: HWKHNE — opanxKesbili c Rf = 0 u BepXHuit — 2KeJITBIM C Rf = 1. 
MuHaA XpoMaTOorpaMMa IipHBesena Ha PHC. 2 (cM. BKJIeiky K CTP. 1023). 
le BLICYIIMBaHMA XpoMaTOrpaMMa Ha 6ymare paspesaulacb Ha yUaCTKH, Kark- 
M3 KOTOPBIX MoMellavicA B pesoHaTop cnektpomerpa SLIP-2 (°), a 3aTem 
YACbIBAJIHCb CMeKTpb! 9. 1. p. Bbwio moKka3saHo, TO TlepBbIit YAKeJITHIM yuac- 
XpoMaTOrpaMMbl JaeT CMeKTP 9. Ml. P-s B TOUHOCTH COBMAaalouH CO CIeKT- 


[, W306paxKeHHLIM Ha PKC. ha 

poli oparKeBbI yuacTOK jaeT 

KTP, TIpelcTaB AION coboli 

yleT C COOTHOINeHHeM HHTeH- 

Hocteli’ KommonerT 1:1 4H 

mensenuem 14,5 apcr. (puc. 3). 

tae CMauHBaHHA 3TOrO | 

lerka OyMaru pacTBOpuTevieM 

H30, TOJYON, CCl4) 93ToT 

KTp lpeBpalllasica B Apyroi— Boat 

mieT 'C COOTHOWICHHeEM HHTCH- 

sHOCTel KOMIOHeCHT 1 29) : 1 u Puc. oy CnekTp oe lle ps BTOPHYHOLO pawquKala 
*meneHHeM MexkILy ai WoHONa B TBEPAOH case 


| sper. (puc. 4). Karan Kom ; 
genta qpunsiera paculersena Ha 3 HHH C COOTHOUIeHHeM MHTeHCHBHOCTeM 


2:1 paccrosHuem MexKAY uumu 1,8 sper. Nlocne orkauku pacTBopuTenaA, 
rakxKe IIpH 3aMopaxkHBaHuM pacTBopa AUAKEM a3z0TOM TPHMIeT CHOBAa Mepe- 
[ur B fyOner. T.Kue Mepexonbl TpunsieT — AyOner OOpaTumel. B TBepou 
ge (KpucTas Wn 3aMOpOxXKeHHbI pacTBop) BcerAa HaOlofaeTcA LyOuleT, B 
erBope — TpunmeT. OOHapy2KeHHbIe TepeCXOAbI He 3aBHCAT OT HaIM4YHA B pac- 
ope OyMarH HIM IIpHCyTCTBUA KUCOPOnA poslyxa. [loceqHui BbISbIBaeT JIMILIb 
JaSbIBAHHe CE€PXICHKOH CTPyKTYPbI KOMMOHCHTOB TpHIeTa. 

_Anamus cieKTpa 9. Tl. p., TIpHBeeHHOFO Ha PHC. 4, MOKAasbIBAaeT, UTO ETO Cules 
ler TIpHNMCaTh BTOPHUHOMy PasMKasly, nlovlyyaiollemyca U3 cbeHouia 


i‘ (CHs)s r (CHs)3 
Hs Ho >. Cie CHa Ce OH, 
= 
i (CHs)s C (CHs)s 


yrem OTPbIBa OMHOTO W3 TH/POKCHJIbHBIX Bolopoxos. JlelicrBuTenbHO, Takol 
CHoN ABAAeTCH OLHHM V3 OCHOBHBIX MPOLYKTOB OKUCIeHHA HOHOWA (*). 
[lpespaiienua Tpunset — AyO- 
jler OObACHAIOTCA cueqyiouluM 00- 
pa3zom. B pacrsope ocyllecTBAeTCA 
cpo6osHoe BpaileHve BOKpyr apail- 
KWIbHO CcBA3H C—C 4 HecrlapeH- 
Hb 3QIeKTpOH B3aHMOfeHCTBYyeT C 
KQKIbIM H3 BYX SIKBHBAJICHTHDIX 
mpotoHop CHe-rpynint. B TBepou 
(base OylarofapA xKeCTKOCTH CTPYK- 
TYpbI OKpy2Kalowleli pewleTKM TeTpasy- 
puyeckue yrvibl y aToMa yrsiepofla B 
rpynne CHe pacnonaraioTca TaK, 
uTO B3aHMOslelicTBHe HeclapeHHOro 
; QJIEKTPOHA OCYELECTBJIAeTCA JMILb 
Puc. 4. Cnextp 3. MN. p. BTOpHuHOTO pawuka- ¢ OHHM IIPOTOHOM rpyniibl CHa, 
pemecromay BPactPops jlexKallMM B MVJIOCKOCTH, nepreHJH- 
KyApHOH K [JIOCKOCTH M-OpOUTHI HeCMapeHHOTO 93JIeKTPOHA. IIpu KoMHAaT- 
Holi TemmepaType B KPHCTaJIe BOSMOXKHBI CILe KPYTHJIbHbIe KOeOaHHA BOK yr 
917 


53 


-“ 


5To cpa3su C— C. Pacuenmenue Mexkly KOMIOHeEHTaMH AyOuleTa B STOM CJLy 
coctapiset 14,5 sper. Hammave Oomee xecTKol pemieTKu (pH TemnepaType 
XKHIKOFO a30TAa) ellie Gomee OrpaHWYHBaeT BOSMOMKHOCTH TaKHX ABMKeHHH, U 
OTBETCTBEHHO paciilenmieHie Mexxly KOMMOHeEHTaMH yOueTa BospacraeT 
18,5 9peT., a KaxkKAbIli H3 KOMMOHEHTOB yIIMpAeTcas. 

Takum o6pa30M, aHaJIM3 CIEKTpPOB 9. I. p. MO3BOJIAeT CYAMTb O NOBeeH 
pawukasIOB B pacTBope HM B *KecTKOM pellleTKe. 

Kpome pa3feeHud payuKasOB pa3JIM4HbIX THIOB HMeeTCH BOS3MOXKHOCTH ( 
JleeHUA PalMKaNOB OT COOTBETCTBYIOWUX HM MovieKys. Takoe pasfemenne Opi 
OCYULeCTBJIEHO HAMM JWIA CHCTeMbI JMPeHHINUKPHJTHApasua — Juexwinyp 
pusrugpasun. Metofiom xpomaTorpadur C HCiOb3OBaHMeM B KayecTBe NOLBH® 
HOH (pasbl BOJHO-CMMPTOBbIX CMeceH OMpeesIeHHOrO COCTaBa yalOcb pas jeu 
MOJICKYJIbI H palWKaJIbl, HAHECCHHBIe Npe{BapUTeIbHO B BUe CMeCH Ha HYKH 
Kpali JICHTbI PUJIbTPOBa/IbHOM OyMaru. B 9TOM Culy4ae ABYK YMCA BMeECTeC p2 
TBOPHTeIeM TepelHui cppOHT XpOMATOrpaMMBb! CoepKa pakuKaJbl, a BTOPO 
HEMOJBMKHbIN (pOHT — TipouHo ajcopOupoBaHHble Ha OyMare MOJICKY.JIbI. 

Mpi mojiaraeM, 4TO IIpHMeHeHHe XpoMaTOrpapHu OTKPbIBaeT BO3MOKHOC 


OBaTb CTPyKTYpy HM MoBeeHve TAKMX paluKasoB. 


VinctutyT XMMH4eCKOH (H3HKH Tloctynuso 
AxajemuH Hayk CCCP 3 IV 1961 


950). §W. Gordy, CG McCornic, J. Am. Chem. Soc., 78, 3243 (1956 
G. Cook, J. Org. Ghem:, 18, 261 (1953): 
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Jjonnagn AkagqemMun Hayk CcCcCcP 
1961. Tom 139, Ni 4 


PH3HYECKAA XHMHA 
nN. A. MEMUEHKO wu aen-koppecnonyenT AH CCCP A. B. XYMAHCKHH 


BJIMAHWE SOCATOB H MOJIMbOCHATOB 
HA COJIOBH JIMSMP YEIOULY tO CNOCOBHOCTb MOFOLIMX BELJECTB 


VispecTHo, YTO pacTBOpbl MOIOWIMX BelllecTB, BbILLIe KpHTH4eCKOH KOHIeHTpa- 
IM MUlesMOOOpas0BaHUA, ABJIAIOTCA AByXasHbIMH CHCTeMaMH, jucnepcuaa 
ia KOTOPbIX COCTOMT M3 ACCOMMATOB OTACIbHbIX MOJECKYJI, Ha3bIBaeMbIX MH- 
wan (* °). Munesibl HaxoAATCA B TIOABYXKHOM OOpaTHMOM PpaBHOBECHH C He- 
COUMMpOBAHHOM YaCTbIO MOJIeKY.I H HOHOB MOIOMIMX BeULecTB B pactsope. Ha 
{ OMeOPUJIBHOCTb OKAaSbIBAeT BIMAHHE HSMCHCHUC TemiepaTypbl WM MapaMeTpoB 
IcnepcHOM cpejibl. 

/Munenaapupie CTpyKTYpbl MOIOMAXx BelleCTB HM WHcMepcHad cpela KOJWIOMA- 
bro pacTBOpa CH/IbHO H3MeHSIOTCH MOA BJIMAHHCM 3JIEKTPOJIMTOB MH MOJIAPHbIX 
praHW4YeCKUX BeMeCTB, HaSbIBAeMBIX B MpaKTHKe AKTHBHBIMH mo6aBkamu (°,’). 
KTUBHbIe 1OOaBKU HIpaloT BaKHY!O POJIb B POPMUPOBAHHH MHILEIAPHDIX cTpyk- 
yp B pacTBopax, OllpeseNAOMMX UX MHOTHE IpakTH4¥eCKH BaxKHbIe CBOHCTBA. 

HacTomllee BPeMA CUHTAeTCH OOWIEMPMHATLIM, 4TO 6e3 AKTHBHBIX 00aBOK 
Syb3A MONYYUTh BICOKOKaYeCTBeHHOe MOIOIIee CPeACTBO Ha OCHOBE U3BeCT- 
IX CMHTCTHUCCKHX MOBCpXHOCTHOAKTHBHBIX BEIILCCTB C3) 
 B cBa3H C HeEOOXOAMMOCTHIO 3aMeHbI CHHTCTHYCCKUMH IIpOLyKTAaMH MNHULeBbIX 
‘MpOB, W\yULMX Ha TeEXHHUCCKHE We, CeAyeT BDIACHUTb BJIMAHMe pa3sJIMUHbIXx 
AKTOPOB Ha ONeOdUJbHbIe CBOMCTBA MUMCJIAPHBIX CTpyKTyp, OOpasylouluxcA 

PacTBOpax MOIOIMX BellecTB, C TEM, UTOOLI NOJyuaTb UX C Tpe6yemol adpeKTHB- 
jocThIo. Mexanusm jlelicTBMaA aKTHBHBIX 00aBOK Ha KOJIJIOW[HO-XHMH4ecKkHe 
BOHCTBA MOIOUIMX BellecTB elle HeJOCTATONHO BbIACHCH. He pa3pa0oTaHbl -Teo- 
\eTHUeCKHe OCHOBHI NOBbILNeHHA UX scpeKTHBHOCTH MIpH MOMOULM jlo6aBoK pa3- 
(MUHBIX SICKTPOJHTOB M MOJIAPHbIX BeLLeCTB (4°). AkTuBuHble 106aBKH B pellel- 
type MOFOLIHX CpeACTB MOOUpaloTcA B CCHOBHOM SMIIMpHuecKH. VispecTHo, 4TO 
FOHAeHCUpoBaHHble (pocdaTbl HALIM LWIMPoKoe TIpHMeHeHue B KayeCTBe AKTHB- 
{hIX 100aBOK K CHHTeETHYCCKHM MOIOLLHM peiecTBam (*,7,2?). [Ip momo o0beK- 
MBHBIX MeTOJOB CpaBHUTebHaAd apipeKTHBHOCTS mo6aBoK doc@aTos u MoTMpoc- 
patos K pasM4HbIM CHHTeTHUeCKUM BellecTBaM ele He u3syyuasacb. Ilpumense- 
ybie Ha IIpakTHKe MeTO/bI ONpeseeCHHA TIOBEPXHOCTHOM AKTHBHOCTH H OMIbITHBIX 
MHPOK YacTO aloT MpOTHBOpedMBble pesybptatpl (%,”). 

XapakTepHbIMM M CelMpuyeckuMu CBOMCTBAMM MOICIIMX BeleCTB ABJIAIOTCA 
KpuTMuecKad KOHIeHTpaluA MuleIO0OpasoBaHUA H ComMOOUMMSHpyiowlad CiO- 
206HOCTh HX pacTBOPOB (8,9). DakTopbl, BIMAIONIMe Ha yKa3aHHBIe cBoiicTBa, Oy- 
LYT W3MCHATH JMOPUALHOCTS MoOrOILero pactTBopa. MoxkHo oxkusaTb, TO 100aB- 
Ku cbocdpaToB Ci\BUTaloT paBHOBecHe B pacTBOpe Morolllero BelllecTBa B CTOPOHY 
joOpas0BaHuA Goviee OeOPUSHBIX MUTCD HDIX cTpyKTyp, OOjafaroulHxX MOBBI- 
WeHHO MoroMel HU comoOusM3up yiouleH cnoco6uocTb1o. JA TpoBepKu STOO 
[Mpeanonoxenud OblI0 MpoBeAeHO Crel{HabHOS HCCIelOBaHHe M0 BbIACHeHHIO 
BuuaHuAa docdaToR uM MomMpochaTos Ha COMIOOUIU3ALHIO YrIeBOAOpOAOB B pac- 
TBOpaX MbLI. 

_ OkcnepumentasbHble LaHHble TipellestbHO COMOOHIM3AaLHM ToOyOa Menta 
ap 0,1 M pactsopax Jiaypunata HaTenaTa HaTpHA B MpHCyTCTBUM pas/nd- 
HEIX KouMYeCTB chocdaToB H MoNMdocdaTos NpHBeeHbI Ha PHC. 1—3. Onpejese- 
‘Hue COMOOMIM3aLMH MpOBOAMIOCh MpAMbIM OObeEMHbIM MeTOJOM, ONHCaHHbIM 


panee (7). 
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iz paccMoTpeHUa KPHBBIX 8ABHCHMOCTH S@PeKTOB COMOOHIN3ALHU TOYO 
oT 1COaBOK BO3PaCTAIOWLNX KOMMYECTB rekcametadccata, Tpunomu@ccata, Mi 
pocboctata u coctpaTa HATPHA BUAHO, YTO BCe HCCJIeOBaHHble PocatThl yBeJHy 
YHBAIOT COJIOOMJH3HPyIOWy!o CNOCCOHOCTb pacTBOpOB JaypHHaTa HaTpHe 
(puc. 1). Oqnako HaOMoLaeTcA OobUICe PasnMyne B yBeHYeHHH sppeKTOB ch 
JIOOUJIM3AUNH B 3aBHCHMOCTH OT KOJINYeCTBa aTOMOB dboctopa, coseprKalUxchy 


TBopy mo 0,5 Moms @ocdata u rekcameTaocata HaTpuA Ha 1 MOJb MbIIa COJIG 
OusM3alUA TOMyOa B pacTBOpe BO3pacTaeT COOTBETCTBEHHO B 1,3 u 4,76 pas 


MON/MONb MoiMa 


MON./MON6 Mb IQ 


slat 


Konuyecmbo rannbunusnpobaHHnen manyana 


Konuyecmbo conwbunusupobarHoeo 2enmana 


i: Aba ah, ok Na 3 tes. Nei ak NS 
05 15 25 mon./MOnb Mb/mQ 05 is 25 man, /MONb Mba 
obabru pocpamos Ayabxu pocpamos 


Puc. 1. Kpuppie saBHcHMocTH stbeK- ~~ 


TOB COJIOOHIH3AaLHH TOyona BO,O] M 
pactsope JaypHHaTa HaTpHA OT 
jmo6apok (ocdatos: J — reKkcameta- 
cocata, 2 — Tpxnomudochpata, 3 — 
nupodocdata u 4 — cdoctata HaTpHA 


Puc. 2. Kpuppie 3apycumoctn addex- 
TOB COmO6HIH3aLHH rentaHa BO,] M 
pacTBopax laypHHaTa HaTpHA oT 
o6apok ocdatos: / — rekcameTa- 
cocdhata, 2 — Tpunonndochata, 3 — 
nmupodocdata uv 4 — cocdata HatTpua 


(puc. 1, kpuBple 7,4). Jo6OapKu nupodocdata u TpHnomMdochata No BAMAHMIO Ha! 
SPeKTHI COMOOMIH3AILN H 3AHHMAIOT MpOMexKyTOUHOe NooKeHHe. AnanoruyHad 
SAKOHOMEPHOCTh YBeJIHYeHHA COMOONH3alHH B pacTBOpax JIaypHHaTa HaTpHuA. 
HaOsoaeTca H MIA enTaHa MOL BAMAHHeM AOOaBoK cocdaTos HaTpuaA (puc. 2). | 
B 0,1 M pactsopa aypHHaTa HaTpHA B OTCYTCTBHe oOaBoK chocdaTos co.1106H-— 
JiM3upyertcs OKO 0,13 Moa renTaHa Ha MOJIb Mba. Tipu foOapKax 0,5 moms | 
tboctbata u rekcameTacocdata comOOHIN3alHA FenTana B TOM %Ke pacTBope MbIa | 
YBeJIM4MBaeTCA, COOTBeTCTBeHHO, DO 0,19 nu 0,77 Moa Ha MOWb MbIa usu B 1,4 
uv 5,9 pasa. 3 conocTapleHHA 9KCMCPHMeHTAIbHBIX WaHHbIX BHAHO, 4TO 206aB- 
KM WCCJI€QOBaHHbIX (pocaToB Ooubue yCHMBaIOT comOoSANM3alMIO Trentana 
B PacTBOpe MblIa MO CpaBHeHHO C TaKoBOH AA Tomyoua. [Ipu uccneqosanau 
como6ususaunu rentana B 0,1 M pactBopax nadTenata HaTpHaA (mow. Bec 270) 
B MIPHCYTCTBUM BO3pacTalOWMX KOMHYeCTB cocdatTa H rekcameTacochata HaTpHA 
HaOOMaINCb Ooslee BLICOKHE dSPPekThI COMOGMMMZALMA NO CpaBHeHHIO C COOT- 
BETCTBYIOWMMMH paCTBOPaMH JlaypHHaTa HaTpHA MpH OMMHAKOBLIX oOaBKax. 
tboctaTos. DTO ABJICHHE YKa3bIBaeT Ha TO, 4YTO HA OVIEOU/IbHBIe CBOMCTBA MOIO- 
IWMX BeULeCTB C HEOMMHAKOBbIM CTPOCHHEM YIIeBOLOPOAHbIX paluKaJlOB 106aBKH 
SJIEKTPOJINTOB AeHcTBy!loT pasviM4HO. II]pH npHOaBneHHu K pacTBopy HadTeHa- 
Ta HaTpus 0,5 4 1,0 Moun cocata HaTpHA couOOMM3aMA renTaHa BospacTaeT 
B1,7 4 2,4 pasa. J\cOapKa TaKkUx Ke KONHYECTB reKcameTatbocdata HaTpHAl BbISBI- 
B d€T YECIMYEHHE CONIOCOKHSALLMM TenTaHa COOTBETCTBEHHO B 5,7 u 19,8 pasa 
( puc. 3). 

Ilo cneccOucetTH yBenMyMBaTb ComOOKH3UpyIOUly10 S(PPEKTHBHOCTb pPacTBO- 
PCB MCKINKX ECIECTB HCCIeqOBaHHble (hocdaTbl pacnonaraloTcs B yOpipaioulNia 
Pad: TeKcametadceat > Tpunonudochat > nupodoctat > coccat HaTpHaA. 
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MochaTbi OKasbIBaloT BJIMAHHE Ha COMIOOMJINSHPYIOULyI0 CMOCOOHOCTh pac- 
OPpOB MbIJI, AHasOrHyHOe Mle/OYHDIM aneKkTpomutam (°). TpunosmudocaT 
KcaMeTHJIpocaT MOBbILLAIOT COMOOWJIN3UPYIOULy!O CMOCOOHOCTh pacTBOPOB 
In Gosiee pesKo, sem cpocdaTh K Apyrve SeKTPOJIMTEL. STo CBA3aHO C TEM, UTO 
HJCHCHPOBAaHHble *ocwaThl, ABJIAIOINMeCA BbICOKOMOJICKYJIAPHbIMH HeopraHH- 
CKUMM COCIMHEHHAMH, He TOJIbKO CMATUAIOT BOHY, jlelicTBy A MOOOHO YOHOOO- 
HHUKaM (2%), HO TakKx%Ke CMOCOOHbI OOPAasOBbIBaTb MOJIMMePHbIe AHHOHbI H ac- 
WMaTbl KOJIMON“AHOM cTeneHH AuciMepcHOcTH. Hoanucocdath, alqcopOupysch 
{ NOBEPXHOCTH ACCOMMATOB MOIOULMX BellecTB, oOpa3yioT, MO-BHAMMoMy, CMC- 
aHHble MbIJIbHO-NomMocdaTHble MUILe/VJIbI, B KOTOPbIX SHeprudA OTTaJIKHBaHHA 
[HOMMeHHO §8=—- 3p A2KEHHbIX THApOpHJIbHbIX 
yy CHWKaeTCA, BCseACTBHe ero YBCJIH- manfmam> mong 
{BalOTCA UX pasMepbl. ITO CoMmpoBoxKLaeTcA 
OBbILICHHeM OJIEOPUJIbHOCTH CHCTeMbI UH yBe- 
MUCHHEM COJNOOMIM3ALHH YyIvIeBOJOPOAOB B 
ACTBOpaX MOIOUIMX BeleCTB, COMep»xKallldx 
96aBKU MomMdocaTos. Tleticrpue mosmmoc- 
ATOB B MOIOULeM Tpollecce Oovlee CJIOx*KHOE, 
€M IIPHHSATO CUHTATb B HacTONILee ppema.Ilo- 
puneHue SsddeKTHBHOCTH MOIOWIAX BeIIeCcTB, 
ojlepxKalyux mMomHpocdartsl, OObACHAeTCA HE 
OJIbKO TEM, UTO OHH AUcNeprupyloT YacTHIbl 
[MHEPAJIbHLIX 3arpxA3HeHH HW CBASbIBAIOT B 
;O\OpaCTBOPUMBI KOMIMVI€KC MOHBI KaJIbILHA 
faTHUA,  OMpefesiAIOllMe WKeCTKOCTb BOI 
42 13); Gomee BAXKHbIM CBOHCTBOM nomudoca- 
[OB, He OOCyKLaBLIMMCA B WHTepaType, AB- 
ISeCTCA TO, YTO OHM CABHTAaloT O/IeOPUJIbHOCTb 
MMIeNIAPHBIX CTpyKTyp B OMTHMAJIbHy!O Puc. 3. Kpupnie 3apucumoctn adpex- 
s6aCTb, BbIZKIBAX  H3MeHeHHe OObeMHbIX 74 cpuigoameeae th TAs Eas 
CBOHCTB PACTBOPOB MOIOUIMX BEUleCTB, HW STHM Pe 270) Lego Me ocaros: ree 
pe3KO MNOBbIMAaIOT UX COMIOOHM3HPYIOULy!O = pexcameraochara uM 2 — cpocdata 
COCOGHOCTh H MpaKTWueCKH BaxKHbIe CBOM- HaTpHA 
cTBa. 
_ Jjannpim uccseqopanveM MoKa3aHa BO3MOXKHOCTh peryJHpOBaHuA CTeHeHH 
KOJOVAHOCTH PaCTBOPOB MOIOUIMX BelLecTB IPH MOMOULH cpocaToB H Apyrux 
AKTHBHBIX JoOaBoK H NOJyYeHHA CHCTEM MOIOLILCE pelllecTBO — aKTHBHaa 00aB- 
Ka — BOjla Cc Hamepey 3a aHHbIMH cBolictpamu. JlelicTBHe tpocdaTos u mosIMqoc- 
ATOR Ha MHICJJAPHbIe CTpyKTYPbl MbI/i SKBUBAJICHTHO yAJIMHeHMIO yrueBOO- 
POUHLIX PaLVKaJOB MOIOUIMX BeWeCTB H MO yeHHA UX 6oulee OeEO(PHJIbHbIX TOMO- 
JIOOB. 
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Jloxsagp AkafkeMul HayK GCGCE 
1961. Tom 139, No.4 


FO. A. EPLIOB 


O BJINSHHHW PACTBOPHTEJIA HA HOHHbIE iE 
YW HVOHHO-MOJIEK YJIAPHbBIE PEAKIMM 


(ITpedcmaeaeno axademuxom B. H. Koxdpamvecom 7 II 1961) 


Vispectuo (1), 4TO ec pacCMaTPUBaTb PaCTBOPHTeb KaK OMHOPOHBIM HE- 
TIPePbIBHbIN JMOJIEKTPpHK, a MepeXOMHbIM KOMMJIEKC HM HOH — KaK 3apAXKeHHBIE| 
ccbepbl, NOrpy2KeHHble B STOT AHIIEKTPHK, TO B CJIyyae MOHHBIX H MOHHO-MOuIe-} 
KYJIAPHBIX PeaKIMli JOMKHA BbINOJHATBCA JIMHeCMHaAA 3aBMCHMOCTb JOrapHmaly 
KOHCTaHTHI Ig k CKOpocTH peakIHu OT OOPaTHOM BEHUMHI LM9/IEKTPHyeCKOM NO-9 
cTosHHoH 1/D. 

Anaiu3 OojIbWIOrOo YMCA SKCHePpHMeHTAJIbHbIX JaHHBIX MOKa3bIBaeT, U4TO 
JIMHeHHOCTb 3aBucuMocTH Ig k = f(1/D) RelicTBuTebHO HaGMOMAaeTCA BO MHOTHX! 
peakUMAX YKa3aHHOrO THIa, CKOPOCTb KOTOPbIX H3MepAaCb B CMe€CAX JBYX] 
pacTBopuTeieH. OHaKO OYeHb YACTO HAGMIOLAaIOTCA SHAYMTebHbIe OTKMOHEHHA | 
(2) gsapucumoctu Ig k = f(1/D) of auHelinoh Kak pH U3y4eHHM peakUHit B CMe-| 
cAx, TaK H B HHIMBHyabHbIx pacTBopuTenax. Mano Toro, uMeloTCA ciyyaH 
(1,7), Kora WIA OHO HM TOM 2Ke peakWMW yKa3aHHad JIMHeHHAaA 3aBHCHMOCTD BBI-| 
TIOJIHAETCHA B CM€CHX OJHUX PACTBOPHTeJIeH MW He BBINOJHACTCA B CMeCAX APYyIHx. 
OG6blyHO TaKOrO pOfa OTKMOHEHHA OObACHAIOT M3ONPAaTeJIbHOM CObBAaTAalMeN, | 
uMeA TPH 9TOM B BHIy, YTO Ooslee «MOMAPHaA» KOMMIOHEHTA HaXOLMTCA OKOLIO | 
WOHAa B H3ObITKe 110 CpaBHeHHIO CO CpeHHM COCTaBOM pacTBopuTesa. He rosops | 
O TOM, TO He CyllecTByeT CTpororo ONpeseeHHA NONAPHOCTH pacTBopuTera (00 | 
3TOM CM. HWxKe), Takoe OObACHEHHE COBeplIIeHHO He MpHrosHO B TeX CyUaAX, | 
rye U3yualOT BJIMAHMe Ha KHHETHKY MHIMBHAyabHbIX pacTBOpHTemeH, a He UX 
cmeceit. [lostomy HanmpaliMBaeTCA eCTeCTBEHHbIMi BLIBOJ, ITO HH B XHMHYCCKHX | 
peaKI[MAX HOHHOrO HM HOHHO-MOJIe€KYJIAPHOFO THMAa 9JIEKTpOCTaTH4YecKOe B3aHMO-— 
JeHCTBHe HrpaeT BTOPOCTeNeHHYy!O POJb, WIM Ke CYIMeCTByIOLMe JIeEKTPOCTaTH- 
yeckWe TEOPHH STOTO B3SAMMOJCHCTBHA CJIMLIKOM NpHOsMKeHHbI. TepBptli BbIBOL 
cpasy %Ke oTMaqaeT, TaK KaK CyWleCTByeT MHOFO (baKTOB, TOBOPAIIHX HMeCHHO B 
NOIb3y NpeoONalaHHA KyJIOHOBCKOFO B3aMMOJelcTBHA, VM, MomKaly, elMHCTBEH- 
HIM (aKTOM IIPOTHB SJIeEKTPOCTATHYeCKUX TeOPHi ABJIACTCA HX HeCOOTBETCTBHE 
¢ KMHeTHYCCKUMH JaHHbimu. Ilostomy ecTecTBeHHO, 4YTO MpexKse vem OTBepraTh 
TeOpHiO, OCHOBaHHYIO Ha HeKOTOPbIX SKCHePHMeHTAJIbHbIX (PAKTaX, HO BbIBOLBI 
KOTOpOH He COrslacyioTCA C JPyFHMM 9KCIHepHMeHTaJIbHbIMY (aKTaMH, Hao MOMBbI- 
TaTbCH BbIACHHTb [1paBHJIbHOCTb MpeAMOCbIIOK TeopHH. 

Mpl y2Ke YKa3bipau B Ha¥asle, YTO B OCHOBe COBPeMeHHOM TpaKTOBKH B.IMA- 
HHA pacTBOPUTeJIA Ha KMHETHKY XMMMYCCKHX PeaKWM JexKaT 3eKTpocTaTu4ec- 
Ke TEOPHM B3AHMOeHCTBUA PACTBOPeEHHO"O BellecTBa H pacTBOPUTeA, HCXOLA- 
IMe W3 3aBeOMO HelpaBHJIbHOFO MpeACTaBJIeHHA O pacTBOpe Kak O HeMpepbIB- 
HOM OJHOPOAHOM H9JIEKTPHKe, B KOTOPOM MO H3BECTHOMY 3aKOHY pacmpeseseHnbl 
PacTBOPeHHBle YaCTHUBI; HO elle B 1933 r., T. e. B MepHOX Co3qaHuA 9TUX TeopHit, 
Bepuan u @ayuep (°) npequowKuAM Apyrol MeTox nosxoqa K 3TOMYy Bonpocy. 
Bepua u Daysep nokasaiM, YTO SHEPrHuio THApaTalMuM HOHOB MOMHO Cc XOpo- 
IMMM TIpHOWMKeHMeM PaCCUHTAaTh, HCXOAA M3 MOJIeKYAPHOM CTPyKTYpbI pacTBo- 
poB coyieH B Bose. C Tex nop pA aBTopos (cM. cBogxKy paoor B (*)) nbITanHcb 
YCOBEpHICHCTBOBaTb STOT MeTOA pacueTa. B pesyaptaTe o6oOulenua (4) TaKUXx 


NOMITOK Oblla Waa (opMysa AIA pacuera cBOOOsHOH aHeprHu comDBaTALMH 
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foHOB. BTa PopMyvia C XOPOUIHM MpHOMMKEHHEM aeT BOSMOPKHOCTD paccuHTaTb 
JHEPIHIO COMLBATAIMM HOHOB B BOLE. C ee nomompro H. Vsmaitsopy (°) yaasiocb 
SOMYeCTBEHHO OOBACHUTb BUIMAHME pacTBOPHTeMA Ha SHCPrHlo COJIbBaTalluy, 
INCCOLMAILMIO, paCTBOPHMOCTD UM Apyrve CBOLCTBA QJICKTPOJHTOB, YTO YKAa3bIBacT 
{a [IPaBHJIbHOCTb MOCHINOK, Je*KallUX B OCHOBE BbIBOLA QopMyvIbl, HW CJLyKUT 
1e OHM MOMTBeEpKAeCHHeM MpaBHJIbHOCTH 9/IeKTPOCTaTHYeCKOTO mOAxowa 
K OObACHCHHIO CBOMCTB PaCTBOPOB 9JIEKTPOJHTOB. KetaTH TroBop”A, MOMHMO 
yueTa KyJIOHOBCKOrO B3aNMONeliCTBUA, B yKasaHHO bopMyvle YUHTHIBAaIOTCA H 
KBAHTOBO-MeXaHHuecKHe SpieKTH, HO OOJIbIIOrO SHAaYeHHA 0 cpaBHeHH!o C 
{IEKTPOCTATHYCCKHMM OHH He HM MeIOT. Omuako sBcCwlelcTBHe pHa Ronyuennh, 
KOTOpble HEJOCTATOUHO OMpaBLaHbl, pacueT 10 yKa3aHHol dopMyvle B HeBOAHEIX 
pacTBOpHTeNAX aeT BeCbMa 6ONbIIMe PacxO*KTeHHA C 9KCHePHMCHTOM. 

Yura OWIMOKH MpesbilywiuxX ABTOPOB HM OCHOBBIBAsICb Ha MOJIeEKYJIAPpHOM 
CTpOeHHM pacTBopa, MbI BbIBeJH (°) dopmy.ly, NOsBOMAIONyIO C YyAOBETBOPH- 
TENbHOM TOMHOCTbIO PacCUNTHIBATh SHEPrMH COVIbBaTAllMy TaJIOMHbIX coleH 
WIeOUHEIX MeTAJJIOB B PasJIMYHBIX PaCTBOPUTEMCIAX: 

4 AZ, = — nE (0,958 p + 0,458 pi) + 2b (u + 8 a 

4 | seoeh (p= Dyce Zs: () 
Te n — KOOP MHAI|MOHHOE YMC; E — natipsKeHHOcTb Moda B WeHTpe AuNOIA, 
ji — NOCTOAHHDI MMOL MOeKYIEI C TOMpaBkoH Ha TeMIOBOe TBHXKCHHE, 
wi — HaBeleHHEIH WunOIb; b — reoMeTpuueckHl tbakTop; 7 — paccTOAHHe OT 
ueHTpa HoHa fo WeHTpa cyMMapHoroO munona (wu + pi); e — 3apaa HoH; 
rs — payuye COuIbBaTHOM cihepbi; Zs — OHTOHCKHH (“) JWMCnepCHOHHEIM WieH. 

Benuunusl E uv pw; OlpeseaioTCA H3 CHCTEMbI y paBHenuli 

up = ab, E= e/r? — 2b (u + pa/r*, 
Tle & — SeKTPOHHAA NOIAPU3yeMOCT, onpeenseMad 110 MONApHO pedpak- 
HH. 

Mut o6HapyKHIM, OTKMaibIBad Ha rpaduke BeMYMHbI @, pacCUMTaHHBIe M0 
gopmyse a = (ni — 1) M/(n2 + 2) d (na — MoKasaTelb mpenomienua, M — 
‘MomeKyJIAPHEIH Bec, d — IIMOTHOCTH), UTO JIA BCeX CIMPTOB (q0 Cg, 3a HCKIIOFe- 
yuem C; H TpeTHUHBIX) HW KeTOHOB BBITOJHACTCA jiuHeiHad 3aBHMCHMOCTb: & = 
= (183/D — 2,3) A’. Tlonctapaaa 9TO BbIpakenve @ yepes AMOIeKTPHYCCKYIO 
nocTrosHHyo B (opmysty (1), MBI HaLwIH, 4TO AZ, XOpolwlo allmpokcHMupyetca 
_ MHOTOWJIEHOM: . 

AZ, = ai/D* + aa/D® + as/D? + aa/D + as. (2) 
Bee KosppuuneHTh! a; paccuMTHIBAaIOTCA HS cbopmysnr (1). 
_ Vatepecuo, uTo nomyueHHoe HaMH ypaBHeCHHe (2) qaeT NpaBJbHbIM Xapak- 
Tep 3aBHCHMOCTH 9Hepruu cOMbBaTAIMH PB CHUpTaX OT JHSueKTpHYeCKOH MO0- 
crosHHon (°). 

TakuM 06pa30M, MbI BHAMM, ¥TO pacueT 9HEpruv combBaTallHu Ha OCHOBEe 
yueTa MOJIeKyJIAPHOTO CTpOCHHA PacTBOPOs S€KTPOMMTOB aeT COPKHEIM BUD 
3apucumoctu AZ, oT 1/D (cm. dopmy.ly (2)), ane JMHeMHbIN, KaK 9TO CIeLyeT 
v3 dopmyant Bopua. 

Panee (8) MbI MpeqowKNIM WAKI, Corsacho KOTOpoMy CBOOOAHaA SHEPrHA 
axTupauuu AZ* xumuyeckol peakI[Hi IpefcTaBAAeTCA B BUe CyMMBl 


REPRO INZ. 2 AZ, 


rye NZe — cBooosqHad JHeEprHA akTHBAWMu jJaHHOM peakiuu B BaKyyMe, NZe 
AZ, — 9Hepruu COMbBATAIMH aKTHBMPOBAHHOPO KOMM—IeKca H peareHTOB COOT- 
BeTcTBeHHO. IlocKOJIbKy BeJIMYMHbI AZ* u AZ? MenatoTcd Mato Ip Mepexowe 
OT pacTBOpuTeNA K pacTBOPHTEIO, TO u3meHenue AZ*, a 3HaunT u Ig & B cayuae 
“HOHHBIX WM HOHHO-MOJICKyJAPHbIX peakuuii mpakTH¥eCKH NOMHOCTHIO 6yqeT 
| oGyCMOBIMBAaTbCA H3MCHCHHCM AZ,, HoHa, yaacTByrollero B peakIHH. Ho Tak 
Kak AZ, ABAAeCTCA CAO*KHOH bynxuuei oT 1/D (cM. (2)), To. lg k 6yweT TaKOH 
Ke CHOMKHOM dyHKuvel oT 1/D, uTO ¥ HaGmomaeTca Yale Bcero Ha MpakTHKe. 
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Ho Tak Kak Tip HCCeOBaHHH KMHETHKH B CMCIIAHHbIX paCTBOPHTeNAX YacT 
BCTPevaioTCes CJLyUaN BbIMOJIHCHHA 3ABHCHMOCTEH-*KOHCTAHT CKOPOCTH OT AHSJIeK 
TPHYeCKUX CBOLCTB CPeMbl, MpeACKaSbIBAeMbIX MPOCTeHMIMMH 9JEKTPOCTATH- 
yeCKHMM TeOpHsaMH (CM. BbILWe), TO BOSHHKAeCT eCTECTBEHHHIM BOMpOC, KaK OOb= 
ACHAeT STOT (aKT MpemaraeMad HAMM TeOpHsA. OKasbIBaeTCA, UTO 9Ta NpoOseM 
peliaeTcA JOBOJIbHO MpocTo. 

PaccmaTpupad ypaBHeHue (1), erko OOHAapy2KHTb, 4TO OOMbIIAA YaCTb SHEP 
TWH COJbBaTHPOBaHHOFO MOHA OGyCJIOBMBaeTCA B3aHMOJeHCTBHEM C MOJIeKYy- 
JlaMH PaCTEOPHTeA, HAXOJAILMMMCA B HETOCPeCTBEHHOM KOHTaKTe C HOHOM,, 
H JIMIb OHH OOPHOBCKHIi YNeH YUHTbIBAeT B3aMMOJeHCTBHE C PaCTBOPHTeeM 
B UeloM (9HepruA B3aHMOXeHCTBHA MOJIeKYJI COJIbBaTHOTO KoOMMsIeKca Zs C CO~ 
CeIHUMH MOJIeKYJaMH paCTBOpHTeIA HeBeIMKa, MH €€ MOXHO He YYMTbIBaTH). 
Ecau SHeprunA B3aMMOJeHCTBHA MOJIeKYJI OMHOH U3 KOMMOHEHT CMelIaHHOroO pac- 
TBOPHTeJIA C HOHOM 3HA4HTEIbHO OosbIe, YeEM SHEPrHA B3aMMOJeHCTBUA C MOUIe- 
KyJaMH [pyro KOMMOHEHTHI, TO, H€3aBHCHMO OT CTeXHOMeTpH4ecKoro CocTaBa 
CMeCH B WMpPOKUX Mpeseiax, KOOPAMHALMOHHbIA COM COMbBATHOTO KOMMJIeKCa 
6yleT OOpasoBbiBaTbCA M3 MOJICKYJI MepBOM KOMMOHEHTHI. ITO O3HauaeT, 4TO 
B ypaBHeHuH (1) Bce wieHbI, KpoMe OoOpHOBCKOrO, OyAyT OCTaBaTbCA MOCTOAHHBI- 
MMU JO TeX TOP, HOKA KOJMYeECTBO Oovlee CHJIbHO B3AHMOJEHCTBYIOLNeH KOMIOHEH- 
TbhI CTAHeET HEOCTATOUHLIM JIA 3aNOJIHeHHA KOOPAMHALLMOHHbIX Ctbep BCeX HOHOB. 
CyleloBaTeIbHO, MOKA 3TA KOMMOHEHTA HAXOANTCA B H3ObITKe, CBOOOMHaA SHEPrHa | 
COJIbBaTAIMH HOHA, a 3HAUHT MW CBOOOAHAA SHEPIHA AKTHBALHH B Culyuae ciepH- 
yeCKOrO KOMMeKCa, JOKHA JIMHeEHHO 3aBHNceTb OT 1/D. Korgla HayHHaeTCA CKa- 
3bIBAThCA HEMOCTATOK CHJIbHO B3AMMOJeCHCTBYIOULeH KOMMOHECHTbI, 3aBHCHMOCTb 
9TUX BeJHUHH HAYHHAeT OTKJIOHATLCA OT WHHeMHOH. MamoctpaliMen 39TOrO Mo- 
2KeT CYKUTb pabota (%*). 

B Tex cayuanx, Koria HeT mpeoGajatomlero B3aHMOZeHCTBHA OHO U3 KOM- 
IIOHCHT PaCTBOPHTeA C PaCTBOPeHHbIM BelllecTBoM, 3aBucumocTu lgk u AZ, 
of 1/D MoryT CHJIbHO OTKJIOHATLCA OT JMHEHHOH Mp MOObIX COCTaBax CMeCH, 4TO 
WM HaOwofaeTcaA B Culyuae, HCCIeEAOBaHHOM B (?°), 

B lIpHBeeHHOM BbILUe H3JIOXKeHHH MbI HapoOuHO u36eramM BbIpaKeHni «Gomee 
NOJIApHaA KOMMOHEHTA paCTBOPHTeA», «MeHee NOJApHad KOMMOHeHTa». Jeo 
B TOM, 4TO OObIUHO CYHTAIOT OovIee MOJIAPHLIM TOT pacTEOpHTeb, y KOTOpOrO OouIb- 
me JHSJeKTpHyeckad MOCTOAHHAA M AHMOJIbHbIM MOMeHT. Tak, Hampumep, BOLY 
CdHTAIOT Topa3sfqo Ooee NOJAPHLIM pacTBOpHTeeM, 4eM MeTHMOBbIH cnupT. Ho 
43 Popmyvipl (1) MBI BAAMM, YTO 9HEPFHA COMbBATALHM MOA (a CeELOBAaTeJbHO, 
M SHEPrHsl AKTHBALWMU) OOYCJIOBJIMBAaIOTCH HE TOKO AM9CKTPHYeCKOH TOCTOAH- 
HOH HM AHIOJeM, a B 3HAYHTeEIbHOM Mepe HW TAKHMM BeEJIMYMHAaMH, Kak MOApH3ye- 
MOCTb MOJI€KYJIbl, €€ Pa3Mepbl, pacnpeweneHve 3apaga B MOsekyse. TlosToMy 
HMYerO HET YIHBUTebHOrO, YTO, HaNpHMep, 2Hepruad combBaTauuu JT B Bose 
62 kKaJI/MOuIb, a B MeTHJIOBOM cnupTe 61,4 KKan/Moub, T. €. 3aMeTHOM pa3sHHUbl 
H€T, HO HMCHHO SHEP COMbBATALLMM, KAK Mbl y2K€ HEOLHOKPaTHO yKa3biBaJiH, 
OOYCOBJINBaeT BCE TepMOMMHAMMYCCKHe CBONCTBA PaCTBOPeHHOTO BeUlecTBAa H 
yUpaBAeT XOOM XHMHYECKOMO Tipoecca. CieqoBaTebHO, NOMAPHOCTH PacTBO- 
PHTCJ, CCJIH H MOXKHO MIPHMeHATD, TO JIMUIb B Y3KAX Npefeax. 

B 3aKJIOYCHHE CYHTaIO CBOMM lOJITOM BbIPasHTb OslarofapHocTh Mmpod. 
M. B. Helimany 3a wennpie coperbi H MOCTOAHHOe BHUMAHHe K paoote. 


VWuctutyT xumuueckoh dusnKu Toctynuso 
Akajlemun Hayx CCCP 2°11 1961 


UMTHPOBAHHAA JIMTEPATYPA 
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@H3HYECKAA XHMHA 


U jeH-KoppecnouwenT AH cccP B. Fr. JEBHU, B. M. XAAKHH u B. A. KUPbAHOB 


| APAJEEBCKUH MMMEWAHC AIA OBPATHMMbIX 3 NEKTPOMHDbIX 
TIPOILECCOB, MPOTEK AFOLWUMX lo CXEME KATAJIUTHUECKOFO 
BbINEJENHMA BOJOPOA 


B nactosulet padote paccmaTpuBaerca JenONAPUSALMOHHBIH MpOrecc, OMH= 


- CbiBaeMblit cnenyrouent cxemoH: 


>, lath 

} | . B Se AS (1) 
j hee C (11) 
R fi 

t 5G -> 9B: Hk. (II) 


Cornacno stoi cxeme (*,”) KaTamMsaTop cymecTByeT B AByx PopMax A wB, 
| paXxONAWUXCA B MpOTOMMTHYCCKOM papHopecuu. Popma A pa3paxkaetcr oOpatTu- 
“wo Ha SleKTpose, MpHyeM TIpo@yKT 3JIEKTPOMHOM peakIHu C no O6umMoueKyAP- 

womy MexaHusMy pereHePp upyer B c oAHOBpeMeHHbIM philesennem Bofopoa. Bewu- 
_ MHI p HW Op ABJIAIOTCA acptbeKTHBHBIMH KOHCTAaHTaMH cKOpocTH oOpaTHMOl MOHO- 
 movleKyJIApHOK peakilu (1), & — KoucTanta CKopocTH OumMosIeKyAPHOrO MpO- 


yecca (III). 


Llembt10 wacTonlel paOoThl ABIAeTCA BLIBO, OOMLHX cooTHOUleHul Wa dapa- 


jleepckoro MMmefaHca, OSBO/IAIOWLUX M3 SKCMePpHMeCHTaJbH 1X jlaHHbIX Ole- 
HUTb KOHCTaHTy CKOpocTH 6umouleKyJApHoro mpowecca HOPMAJIbHbIM  MOTeH- 


- wall 9JIeKTPOXUMHYeCKOM PeakitHH. 
: Ja KareJibHoro ajeKTpofla KHHeTHYeCKaH CxeMa (X(T) (ipa HasiMaHn 
yiutTa) oOMMCbIBaeTCA 


s 


_ B pacTBope OovbIOrO y30LITKa HHAUpPpepeHTHOrO I1eKTPO 
- enexyromlen cucTemol AudidepeHiMaJIbHbIXx ypaBHeHHit: 


‘ da 07a De Ge OE 
ai ont BP aog 
Ob ob Deke 00. | ee (1) 
a on | 3 4 ox p(b — sa) + ke", 
oc 0c Ware are[s 5 
ya ete rice ae 


_ rye a, 6, c — KOHIeHTpalluu pemects A, B, C. 
: Tpegnouarasx, uTOo aeKTpOMHad peakUMA ABUAeTCH 
- MoxKHO HallucaTb HavaJIbHbIe H rpanwyHble yCOBUA TA CHCTeMbI yp 


6EIcTpolt cTayHelt (2h 
aBHenuii (1) 


B Bue: 
e¢=—Oun x > ©: 
\ atb+c =a, Giese Sea i0; 
} t>0, x =0: (2) 
: 0a Oc 0b 
; Pee aad Ox = ’ @= Ae, 


a — cyMMapHaa KOHIeHTpalaa peuiects A uv B Wo Hauasa 3JIEKTPOJIH3a; 


F s F 
\ = Ap eXP ar sin ot), Ny = eXP be (Po — 9)| : (3) 
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rye 


(jo — HellepHOmNyecKad COCTABIAIOUad MOTeHWMala KaTOsa,; Pi— aMNANTYyIé 
MaJIOrO CHHYCOHJasIbHOrO NoTeHIMasa; Pp) — HOPMaJIbHbIM NOTCHIHAaN SeCKTPOR 
XMMHUeCKOH peakIHH. 

Ec OOBeMHbIE PeaKUMH ABJIAIOTCA JOCTATOUHO ObICTPbIMH, TO TOJMIMHAy 
KHHETHYeCKOFO CJIOA SHAYHTEIbHO MCHbINe TOJMMHEI Juddy3HOHHOrO cJOA 
TlosToMy BUIMAHMe KOHBEKIMMH (JBHKeHHE KallJIH B rulyOb pacTBOpa SKBUBAJICHTHOme! 
JBUXKeHHIO pacTBopa) 6yeT Mau (°), H B IpaBbIX 4YacTAX ypaBHeHHH (1) MoxHO 
mpeHeOpeyb BTOPbIMM cCJlaraemMbiMu. B jambHeHwem OyeM Npeqnonaratb, ura 
B TIpOMecce SICKTPOIH3a YCTAHaBJIMBaeTCA CTallMOHApHoOe COCTOAHHe, onpere-| 
JIA€MOE CKOPOCTbIO OOBEMHBIX peakUMH WM TpoweccoM Audppy3uu. 

Pemenue cHucTeMbl ypaBHeHuli (1) umjeM B BUe pAya MO CTeMeHAM 1: 


a=ao + ae, — bo + bet, ¢ =o + ce, (4) 


rye do, bo, co — HemepHowuueckue 4YaCTH KOHIeHTpalH; a, b, c — KOMMIeKc- 
HbI€ AMIVIMTYILI, MpOMOpuHOHaIbHble Gi. YUNTHIBAA CemaHHble BbIINe mpel- 
TIOMOXKCHHA, MOXKHO NOJYYNTh ypaBHeHHA JIA BEMMGMH a UH Cc: 


ae Pal, 7 ar nee de q Oe 
10a =D=,—! (a a Tap) ioe =D de® G-pvxp® (5) 


k ese 
mel=p(l+a), v =[—2=*]", 9 = 28 ()um 
[pannunple ycroBusa Ja ypaBHenult (5) u (6) HaxomaTca u3 ycnoBHul (2): | 


(a) eanefo) phere, (6). | 


(sei eter (7) 


Jin OnpeqeseHHA KOHCTAHTbI CKOpOCTH OMMONeKyApHOrO Mpowecca cie- 
AyeT paccMaTpHBaTb CJlyyali HU8KUX yacTOT (@ <1, J), KOTOpHIi 3qecb M UC- 
cmenlyerca. 

Pellasa cuctemy qudpepenuManbHElx ypaBHenuit (5), MOxKHO HaliTH cnemy1o- | 


UlMe BbIpPaAKeHHA WIA BennuuN (dc/dx)~—o u (da/dx).=o: | 


/ 


ey —— | 0,86 Ve + 0,69 a che a 6, 
B= — (V+ 05 8p) Bone 
~sheV Bells 9 Fe] + 


44,73 al i — te Ei (— (GF tE+S)]} Oeeos (10) 


eas co 

421 c et = 
ry = 2 
rye 8 = mae? Bi (— 8) =— \ — dt. Ilapametp 8, sxogsuuiis (10), copna- 
8 

AaeT NO MOPATKY BeAMYMHbI C OTHOLMICHHEM TOJIMHHbI KMHeETHYeCKOrO COA 6u- 

MOJeKYIAPHOM peakiuu (III) k TommHHe KMHeETHYeCKOrO COA MOHOMOJIEKYIAP- 

HOH peakyHu (1) 4 xapakTepusyer nosTomy OTHOCHTEJIbHYIO CKOPOCTb OObEM- 

HBIX peakuui. 
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“V3 cuctembi anreOpamueckux ypaBHeHHli (7), (8), (9) u (10) MoxHo ompene- 
tb (de/dx),—0, KOTOpad CBAsaHa C KOMIVICKCHOH aMIINTyLOl TOKa copMyvIOK 


[= FD fas pee (11) 


| Kommaexcuat ammautyta ToKa MOET ObITb TAKHKE BbIPawKkeHa yYepes 3Ha- 
sua TceBmoemKocTH C; HM MOMApW3salHOHHOrO conpoTHBieHua Fs Gyre Ben 
Pe(CTABUTb SJIeEKTPOXUMMYECKYIO queiiky, MOApH3syeMylo TlepeMeHHbIM TOKOM, 
Bue KBUBAJICHTHOM CXEMBI, Ha KOTOPOM TICeBOCMKOCTh HU TOA pH3alHOH- 
Oe COMpOTHBJIeHHe BKJIOUCHEI MOCeIOBaTebHO, TO KOMMVI€KCHaA aMMINTyAa 
apayleepcKoro ToKa aeTcA H3BeCTHbIM BbIpayKeHHeM: 


j=—"_. (12) 


_ TlonapusanwonHoe COMpoTHBCHHe H TICEBIOCMKOCTh HaXOJATCA H3 CpaBHe- 
Ma BEIPAkeHUl (11) u (12). B uactHocTH, ecIH cbapageeBckuli MMMeaHC B OC- 
(OBHOM ompefemAeTcA CKOPOCTHIO 6uMONeKyJApHOrO Mpolecca (8 > 1), To 


. R/RT [0,86 Fp! 4 
Ss -_— 0,67 — hers “we 43) 
\ > FD hoi f° [Pe a Rls in ( Sah, we + G/ ( ) 


i all 


F Lid A ihe Me 
Rio 


1, ! a 4 4 nelle (14) 
D'* RT w | 0.19 aie + 0,93 sgl Cee Bs io) 


C,= 


bei ein ht al 


le jo — MJIOTHOCTb MOCTOAHHOM COCTAaBIAIONeH TOKA. Ecjiv 2Ke MeqJIeHHOH CTa- 
queli mpomecca ABIAeTCA MOHOMONeKyApHad peakiua (2 <= 1)10 


k!® RT 0,87 FD) 
Rs = apa Taa 2) [ 1/ =| Q,67 Ter ’ (15) 
F 3.) 6 Rol’ i) 2 k 3 fo 


F's xr for [lz 
C,= = ; (16) 


yh SS —— 
i DRT w? 0.49 —io 0,93 Aol? 
Al al TPR 


@Mopmyat (13), (14) van (15), (16) MoryT ObITb HCMO/b30BaHbI AIH HaxorK Je- 
HM HeH3BECTHEIX KOHCTAHT, OMPeMe/IAIOWLMX KMHCTHKY mpouecca. Hanpumep, 
eC U3BeCTHEI CKOPOCTH IpAMOH HM oOpatHol peaxmuu (I) (7. e. Benuunna /), 
TO W3 SKCIEpHMeHTAabHbIX TAHHBIX C MOCTOAHHBIX COCTABJIAIONIMX MOTeHWMaa 
M IIOTHOCTH TOKAa (Go HM jo), a TaK%Ke TCeBAOeMKOCTH H TOJIAPH3alMOHHOrO CO- 
MpOTHBJeHHA MO%KHO HATH KOHCTAHTY cKOpocTH OuMomeKysapHoro mMpolecca 
(QII1) u HOpMaJbHBIM MOTeHIMa po, 
 TIpupeyenupie Bpie dopMy ABI ONpeeIAIOT TAK2%KE 34BUCHMOCTb R; u Cs OT 
WACTOTEI: MCeBOCMKOCTL OOPaTHO NpONOpMOHabHa KBapaTy WacTOTbI, a M0- 
\IAPM3aNMOHHOe COMpOTHBIICHHe OT YACTOTbI He 3aBMCHT. CuleqyeT OTMCTHTb, 
uTO TaKad 3aBMCMMOCTD ciipaBewiuBa JM WIA Hu3KUX uacToT (o <1, J). 
_ Ws dopmya (13), (15) u (15), (16) MoxkHO MCKJIOUMTS TOCTOAHHYIO COCTAaB- 
‘JIAIOULYIO WIOTHOCTH TOKa C NOMOHIbIO Tlosly4¥eHHBIX panee (*) BOMbT-AaMIepHbIX 
IxapakTepucTuk. OJHaKO B O6mleM cuyyae MOyyaloTcA FpOMOsAKHE cCOOTHOe- 
‘nua. Tlostomy MbI orpaHHunMca UACTHBIM CJLYUaeM, OCOOCHHO BaxKHBIM B SKCIIE- 
‘PHMeHTAJIbHOM OTHOWEHHH, Kora MeWWICHHOH CTaMelt ABIAeTCA OMMONEKY JAD 
HB mporecc (8 > 1), a KoNWeHTpalMa HeaKTHBHOM (OpMbI KaTaIM3saTopa B 
“3HauNTebHO MpeBbllllaeT KOHILEHTPallMio akTuBHolt cpopmpt A (o > 1). Dop- 


,) 


MYyJbI JIA MOMApPH3allMOHHOrO COMpOTHBAeCHHA HM MCeBOeMKOCTH IIpHHUMAaloT 
cielyioulwi BU 


RT 3? Kd? 

Re = 082 apie ” Se 
1/2 1,°/2 °/2 

te Maia ee eT (18) 


RTs?) 
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TlocnequHe POpMyvIbI CHpaBeAAMB! [Wis NOTEHIMANOB, YOBMETBOp AIOUL 
HepaBeHcTBy BAo > |, T. e. m0 kpannen Mepe JIA MOTCHUMAJIOB HE CJIMLIKC 
Goulee OTPHWATeIbHbIX, UCM HOPMAJbHEIM NoTeHyHan @—), 

Brrpaxenna (17) wu (18) coqep2kaT B ABHOM BHJe apaMeTpbI, XapakTepH3yK 
WM pacCMaTPHBAeMyIO CHCTeEMY, UTO NOSBONACT HEMOCPeACTBEHHO OLCHUTb BMS 
Hue STHX NapaMeTpoB Ha BeMYHHYy CapayeeBcKoro HMMedaHca. | 

JjanHas padota Oblvia BbINOJHeHa B CBA3H C SKCICPHMeHTAJIbHbIMH UCCIeNE 
panuamu C. [. MalipanoscKxoro. ABTOpbI BbIpaxKaloT MpH3HaTembHocTD C, I. Mak 
PaHOBCKOMY 3a OOcyxKeHHe pe3ybTaTOB pacueTos. 

CpapHeHve pe3yJIbTaTOB C ONbITHBIMM JaHHbIMH OyeT WaHO B NyOMKall 
MOC Ie {HUX. ’ 


VucTHTyT 3JIeEKTPOXHMHH Tlocrynusio — 
Axajemuu HaykK CCCP 10 V 1961 


WUTHPOBAHHAA JIMTEPATYPA 
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Jlornagn AkayemMun Hayk CCce 
1961. Tom 139, Ni 4 


PH3HYECKAA XHMH A 


JI. HW. JIMCHAHCKMA 


PACCESHHE CBETA HW CTABMJIbHOCTb PACTBOPOB 
(Tl pedcmasaeno akademukom A. A. Jle6edesoim 6 II 1961) 


B nocnemune Tosb Obi MpoBeseH PAL SKCMePUMeHTAJIDHDIX viccieqOBaHuii 
feHCHBHOCTH paccesHUA CBeTa B HEpacc/laMBalOULUxcAa pactpopax. Ja o6b- 
eHUA HaGMOLaeMbIX pe3YJIbTATOB ObIIM BbICKaSaHbI HEKOTOPHIC yacTHble 
snnonoKeHua. B aHHol padoTe MbI XOTeJIM MOKAa3ATb, UTO Hit KaKMX JlOMOoJ- 
TeIbHBIX MpeANOOKeHMM Mit OObACHCHHA OMbITHBIX (pakToB He TpeOyeTcA. 
@ OHH MOFyT ObITh OODACHeHLI Ha OCHOBe TeOpHH peleeBCKOrO paccedHHA 
Ta C yYeTOM COBpeMeHHOH TePMONMHAMHYeCKON TeOpH paCTBOPOB. Teopua 
neepcKoroO pacceAtHHA JIA ABYXKOMIOHCHTHBIX CHCTEM 6biia pasBuTa OiiH- 
eiinom (2) u Pamaxom (*), a 21d MHOTOKOMIIOHCHTHDIX cuctem KupKsyjom (°). 
B {ByXKOMMOHeHTHOM pacTBOpe VIA KOHCTAHTDI Penea 3a cueT paccetHHA 
bryKTyalMAX KOHIEHTpaluN TeOpuA (°) qaeT 


R= Wa (ae M, | (2) ; (1) 


ecb pi — Macca MlepBOro KOMMOHEHTA B eMHUILC o6beMa; C = M2/tm1 — OT- 
WieHue Macc KoMMOHeHTOB; M2, b2 — MOJICKYJAPHbI BEC M MOJIAPHBIM XH- 
MeCKMil MOTeHIMa BTOPOrO KOMMOHeHTAa, & — ONTHHCCKAA JMaJIeKTpHuyecKk aa 
lonmnaemocth; Ro — yHUBepcadibHad rasoBad NOCTOAHHAA, Na — uucao AxBo-~ 
Apo. 

B weaax ywoOcTBa comocTaBuleHuA C BbIBOAaMH TepMOAMHAMMYeCKON TeOpun 
(CTBOPOB BbIPa3HM KOHUWCHTpPallHH B_ MOJADPHBIX JIOMAX MW BBeeM MOJAPHY!O 


OOoqHyI0 SHTaIbMMIO G = H — TS (H — MoaspHad 9HTAaJbInA, S — Mo- 
[pHad 2HTponua cMecH). Torga HMeeM 


Cede de \2 0 ‘ 
R =% TAN; XX (=) U | +e eeoha 3 (2) 


|— MomaApHad KOHWeHTpalwa 1-rO KOMIOHEHTA, 0 —— o6bem 1 Mow CMeCH. 
Tax Kak G = xii + Xope, TO, MCHONbSyA ypaBHeHHe Tu66ca — Jorema: 


Ou Oye = 
Mi a lst ae g2 ia ia z= 0, 


‘ 


olyaaem 
aad) 2G 
ote = Mia = : 3 
2 p,T ik 2( ax? \ee ( ) 
Tlonctapaaa (3) B (2), HMeeM OKOHUATEJIBHO: 
__ TPR ( 08 / eG 4 
R= Syn ae 4 ee A a (4) 


; 
: Ila Toro uTOObI BbIPasHTb HHTCHCHBHOCTP paccedHua yepes HeMOcpesCTBCH- 
(0 H3MepseMble Ha ONbITe BEMUHHDI, HeOOXOJMMO CeMaTb B rocueqHel PopMy.1e 
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cmenyioulyio 3aMeHy (nmogcTaHoBKy) (?):  . 
OG do | oa : cae 
rye p — MoHoe JaBJIeHHe Mapa CMeCH; Un — MOJIAPHbIM OObEM CMECH B Maj et 
Boli (pase; y2 — MOJISPHaA KOHICHTpalluA BTOPOrO KOMIMOHEHTA B Tape. 
Sry PopMy.ly MOwKHO YMpCCTHTh, eCJIM MpeHeOpedb CxAKATHEM CMECH TIPH | 
MCH€HHH KOHILCHTpallHH H MOJIAPHbIM OObEMOM XKHAKOCTH MO CpaBHEHHIO C Ol 
emom napa. Ecau, Kpome Toro, IpHHATb NapoByto *Pa3y 3a Hea/IbHbIM Tas, 
nlocylé He€KOTOpbIX mpeoOpasoBaHHli C HCHO/Ib30BaHHeM ypaBHeHua MopryJ 
ca — Jltorema Bmecto (5) mouwydaem 
2G __ Ro A 1n ps ( 
(Fo -aeti Otis : 


Tlogetanopka 3TOFO BbIpaxkeHUusA B opMy.ly (4) IpH OHOBpeMeHHOHM 3ames 
M JISPHbIX KOHMeCHTpallHit Ha OTHOCHTe/IbHYIO KOHMeHTpaluio C = m2/Mm, We 
W3EeCTHYIO WopMywy DiiHMITeHHa JIA MHTeHCHBHOCTH KOHIWeHTpallMOHHOP 
paccesuusa (1). CcbopMyHpoB HHBIe BbILe YCIOBMA yKa3bIBaloT PpaHHIbl Tpy 
MeHHMOCTH (pOpMyJIbl DuHWTeHHAa. 

Mopmysa (4) TaeT BO3MOAKHOCTh BEICKa3aTb Carible OOMIMe COOOparxKkeHua 
paccesHHH CBeTa, OOYCJIOBJICEHHOM (pblyKTYalMAMH KOHIeHTpalMu. Kputeph 
CTaA6HJIbHOCTH (Pa3 TaCHT, UTO OMHA HAA CMeCb NpOX3BOJIbHOrO COCTaBa TOT) 
HW TOJbKO Tora CTaOWbHAa NO OTHOINeHHIO K pacnaly Ha dasbl CMex*KHOTO C 
cTaBa, ecu (5): 


C\ 


eu yin ( 


0x5 } jag 


Ha camo rpanuie cTaOuJIbHOCTH: 


ie Bey a 


OXS «Dot 


(Popmyaa (4) AA sToro cayyad He uMeeT MecTa.) 

Iipu nocTosHHOM TemnepaType (BbILe BepXHell WIH HWKe HWKHeEH KPUT? 
ueckOH TemiepaTypbl) OulMxKe BCerO OT TpaHUIlbl CTaOHbHOCTH CHCcTemMa Oyje 
IIpH KpHTHYeCKOH KOHUeHTpawHu. Ilpu sToH KOHUeHTpalun 3HaMeHaTeJb BG 
OyeT MHHHMAJIbHBIM, a PpacCCeAHHe MAKCHMAJIbHBIM (€CJIM HET 9KCTPeEMYMOB H 
KPHBOH NOKasaTeIb TpeJOMJIeHHA — cocTaB). OTcioya celyeT, YTO KOHWCHTPé 
IMOHHOe paccesHHe OyeT JaBaTb HaMOOJbIIMH BKJa B H30TPOMHOe paca 
Hue NpH KOHICHTpallMAx, OJlMKe BCerO HAaXOJAMWMXCA K rpaHuue cTaduwJ 
HOCTH. | 

{1A OOsbUIeH KOHKPeTH3alHH TeOpHH MO OTHOUIEHHIO K pa3JIHUHbIM THAI 
HCCJI€OBAHHbIX PAaCTBOPOB BBeeM H3ObITOUHYIO (excess) MOJIAPHy10 CBOOOTHYK 
sHTalbnnio G° = G— Guns Guy = X1p01 + xepo2 + RoT (x1 In x1 + x2 In x2) — 
MOJIAPHAaA CBOOOHAA 9HTAIbIMA UyealbHOH cmecu. Tora BMecTO ycu0 
BMA (6) HMeem: 


age 


ae XX9 


) >. 7 
pT 


Us (7) cenyer, uro BOmM3u rpaHubl craOubHocTH GE > 0, uv 3HauUTeJIb 
HOC KOHILCHTP alHOHHOe pacceAHHe MO*KET HAGMOLATbCA TOJIbKO y CHCTeM C TO 
JOKUTEbHOK H36bITOUHOH MOSAPHOH CBOOOLHOL SHTaIbNMel. B TepMo_MHAaMHK'! 
pacTBOpOB NOKa3aHO, YTO JIA OHHAPHOH *KUAKOH CMecH e 


G* = x%_[A(p, T) + B(p, T) 1 =a) POlp, 1) ey — ay ed: 


Ormep c corp. (°) paccmotpenu 110 2xHaKUX OMHApPHBIX CMeceli HeITeKTPom 
TOB H MOK a3aJIH, YTO 2 CHCTeMbI ULeasbHbI, 28 WOCTATOUHO XOPOLIO OMMCHIBAIOTCS 
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ey 
§ 
{MM TlapaMeTpom, 34 — JBYMA, 37 — Tpema, uM YeTbIpe MapameTpa HeOO XO- 
Mbl Id OMCaHUA 7 cucTeM. 13 9THX JaHHbIX BUAHO, uTo ipuMepHo */s H3y- 
JHbIX pacTBOPOB C/leyeT OTHECTH K TAK HaSbIBACMPIM peryJApHbIM pacTBopaM. 
WIApHaA M3ObITOUHAaA cROOOHad JHTAJIbIMA JIA TAKUX PaCTBOPOB MOXECT ObITb 


enctansieHa B Buye: GY = Axixe. Torga 


(=) = Cp (8) 


0x5 x1X2 


IIpu A > 0 mpoucxogutT pacciaupaHHe, ec/l GE = RoT/2 ~T kan/Moub 
pH KOMHAaTHOM TemmepaType ~ 300 kan/Moub). MunumyM (8) HaxoguTca Mp 


16 32 ——x 
eg eae 
14 uk sy* oN 
12 24 
10 20 
\, | 16 


SS a> 6S eee ee Se 


n = : aT 
0 02 Nn ieeas 06 10 20 3040 50 560 70 80 90 100 10°C 
t —> 
uc. 1. 3aBHCHMOCTb OTHOCHTeJIbHOM HHTeH- Puc. 2. 3aBHCHMOCTb OTHOCHTeJIBHOH HHTeCH- 
IBHOCTH H30TpOMHOTO paccedtHHA BOJHBIX CHBHOCTH H30TPOMHOTO paccextHHA BOMHbIX 
ACTBOPOB Y-NHKOJIMHa OT KOHIeHTpallMH x PpacTBOPOB Y-MMKOJHHa OT Temmepatypbl 1— 
(t = 20°) x= 1; 2 — 0335050 = 0,156; 4— 0,090; 


5 — 0,058; 6 — x = 0,031 


= 0,5. [pu stot xe KOHIeHTpalHu cucTeMa oOMaaeT HaHMeHbINeH CTAOMJIb- 

octpr1o. Io (4) 3gecb 2%Ke Oy eT MAKCHMasIbHOe paccesAHHeE. By 
PaccesHue B HepacciaHBalwolluxcA PacTBopax, OJIM3KUX K peryslApHBIM, uc- 

nenopanu M. V1. Wlaxnapovnos u H. I. UWnenxuna (’) u nomydMin, YTO MaKCH- 

lyM paccetHHA JleKHT B YKa3aHHOM 

aHOHe. TaOauna 1 
Vimerouweca  TepMOoqMHaMHuecKHe 


(AHHbIC 110 HEKOTOPbIM HepaccsaHBalo- e . 
(MMcH CHCTeMaM, B KOTOpHIX u3y4a- eae d ss ane 
loch paccesHue (’), yKa3bIBaloT Ha TO, 

ITO OHH HaxOJATCH BOMH3H TrpaHHUbl 

TaOuibHocTH. Tak, B CHCTeEMaX  »TyKoaun CiieitupaeTcd 
f1.—CH:OH u GeHe —CH3OH GF  $-Ilukomuu 5 0,07 4153 0,09 
jocTuraeT pH KOMHAaTHOH TeMMepa- 2,4-JlyTHIMH 22,5] 0,054 189, 6/0, 09 
rype 300 Kan/Momb (8). 2,4,6-Kommugun | 6 | 0,05 {190 


Jia MpoBepKu BbIBOa O CBASH pacce- 
4HUA B HeEpAaccaMBaIOUUXCA CHCTeMaX C ABJCHMAMM pacc/lanBaHHA HaMu Ob 
ACCJICOBaHbI PaCTBOPbI Y-MMKOJIMHA B BOE. BplOop sToH cHcTeMbI OOyCJIOBJIeH 
TeM, UTO PaCTBOPbI B BOE HEKOTOPHIX roMoJOroB MHPUAMHa o6aaroT YaCTHYHON 
eMCIIIMBaeMOCTbIO MH MMeIOT BepXHt010 (7',) H HH2KHIOIO (Tx) KpuTuueckHe TeM- 
HepaTypbl pacTBopenua (°), yKasaHHble B TaGst ke 

VismepeHua MpoBeyeHbl MIA MJIMHbI BOJIHDI 5461 A. TouHocth mouy4eHHbIx 
pe3yJIbTaTOB MO HHTCHCHBHOCTH He Xy2Ke 10%, mo Temnepatype 2°. MeroquKka 
w3Mepenuii uM pacueta nofodHa onucaHHoi panee (1°). M3 puc. | caelyer, uTo 
MaKCUMyM paccesHHa HepaccaHB IOWMXCA PacTBOPOB Y-MHKOJMHA HaGJII0- 
flaeTcA B OOMaCTH KOHUMeHTpalMn, Tle HaXOMUTCA KpUTHYecKad TOUKAa pacTBO- 
PeHHA MeCTHJMPOHSBOLHIX MMpHAMHAa (cm. Taba. 1). [pu sTHx KOHMeHTpalMaAx 
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BOMHbIG PACTBOPHI Y-IMKOMMHA OOJaaioT HAMMeHbIMeH CTAOMJIbHOCTHIO H B HI 
CHJIbHO pa3BUTbl (pIyKTYAallun. i 
Jlanee Obluia ucclehoBaHa TeMMepaTypHaA 3aBHCMMOCTb MHTCHCMBHOCTH H3 
TPOMHOTO pacceAHUA 'Y-IIMKOMMHAa M ero pacTBopos (puc. 2). M3 pucyHka BUH 
UTO HHTCHCHBHOCTh paCCeHHHA paCTBOPOB, KOHIeHTPallMA KOTOPHIX OHS 
K KOHIUeCHTpallMH pacTBopa HawMeHbeH cTaOus HocTu (x = 0,058), c ype 
YeHHeM TeMIepaTypbl MpOXOAMT yepes pesKO BbIPAKeHHLI MaKCHMyM. ITO A 
jleHve HaOmoganocb panee M. ©. Byxcom u JI. UW. JIvchanckum B pactBopg 
IIMpHAMH — Bola, HO MeHee oTueTIMBO (™*). Tako XOM HHTCHCHBHOCTH Cord 
cyeTCs C HaJIM4HeM HWKHEH KpHTHYeCKOM TeMMepaTypbl y TOMOJOrOB NMpHAMAl 
Ilpu TemnepaType HHBepCHH MHTeHCHBHOCTM pacTBOp OOlaqaeT HavMeHbIIIE 
CTAOHJIbHOCTHIO. 
Kak nokasbipaeT prc. 2, MaKCHMYMbI pacCeAHHA JIA paCTBOPOB pa3JIM4HbI 
KOHICHTpalui JlexKaT MIpH HECKOJIbKO OTM4AIOUMXCA TeMMepaTypax. ITO H 
XOJIMTCA B COrMacHH C TeM, YTO BEPXHAA KPpHTHYeCKaM TOUKAa TOMOJOrOB NHpH 
guna (Ta6n. 1) caBHHYTa 110 KOHIeHTpallMH OTHOCHTebHO HMDKHeM. 
Bo3MoxKHO, YTO HHTCHCHBHBIM pa3sBHTHeM (JIyKTyallM KOHWeHTpalun ca@! 
AyeT OObACHHTh AHOMAJIbHOe MOFVIOWeHHe YJIbTpasByKa B HEKOTOPBIX Hepa@ 
ClaMBalOWlMXCA pacTBopax (HalpHMep alleToH — Bojla). Ilo Hamum pacueray 
cHCTeMa alleTOH — Bola MeHee CTaOWJIbHa, 4YeM CHCTeMa TMIMpHMH — Boa. # 
Bpipaxato ryOokyio OvlarofapHoctb mpod. M. ®. Byxcy 3a Heng 
M€HHbIM HHTepec H WeHHbI€e 3aMeYaHHA MO 3aTPOHYTbIM B CTaTbe BOMpocaM 
npod. A. B. CropoHkuHy 3a Tose3HbIe COBeTHI. 


JleHHHTpagcKHi YrocyfapcTBeHHbIM YHHBepCHTeT Tloctynusio 
um. A. A. )KqaHoBa 10 I 1961 
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@PH3HYECKAA XHMHA 


J. A. MIETPOB u A. A. BYXAHOBA 


MEPEOXJIA)KMEHHE PACHJIABA HW POCT KPHCTAJIJIOB 


Mo YOXPAJIbCKOMY 
(Il pedcmaeneno akademuKxom A. A. Bousapom 20 I 1961) 


B nactosmeii paOoTe np usyYeHHH pocTa KPHCTAJVIOB mo Metony Uoxpavib- 
oro OblyIO BIepBbIe yCTAHOBJIEHO, ATO B oOpa3s0BaHHH CTpyKTYypbl M pacripete- 
HUM TIpuMeceli B KpvcTallax B paccMaTPHBaeMBIX yCJOBHAX pocTa onpeyle- 
MOULYIO POJIb UrpaeT MepeoxMaKeEHHe pacniaBa. OTO ycTaHaBJIHBaeTCcH Kak 
a KpHCTaswiax TepMaHUA M KpeMHHA, KOTOpHIe OblIM MepBOHATabHbIMH o0beK- 
IMM MCCIeLOBaHMA, TAK M Ha KpuicTaswiax aJOMMHUA, MAH, yKesle3a MU, MO-BU- 
AMOMY, BCeX ApyrHxX CpaBHUTebHO YHCTHIX BellLeCTB, KOTOpble CMOCOOHEI KpH- 
ranvgoBaTpca. Bea mocwelyioulad padoTa MmpoBesena B OCHOBHOM Ha aJIi0- 
wuun. Hye u3viararoTcA OCHOBHBIe pes yJIbTaTbl padorst. 

1. B acuMMerpHuHoM TerlJI0BOM Towle KPHCTaJ MPH OTCYTCTBHH BpalleHHA 
FOBUTCA K XOsIOLHO cTOpoHe moa. Ha Mposo/IbHOM ude TaKOrO KpHCTad- 
4 anioMMHUsA, serupoBpaHHoro Cu®* B KovlM¥ecTBe 104%, pbipamleHHoro 6¢3 
pallens co cKopocTbio Tojybema 2 mm/MHH TpaBeHHeM B BOAHOM pacTBOpe 
JaOH scKpbipaioTcd Be CMEXKHBIC Pas/MHHO TpaBAulMecsd OOMACTH, Pacitpo- 
TpaHsAONMecA B HampaBeHHN pocta KpucTauia (pHc. la). O6nacTb, oOpalleH- 
lad K «XOJIOLHOM» CTOpoHe MOJIA, TeEMHaA Ha tbotorpadHuu, TpaBTca ryOoKo, 
| oO6paleHHaA K «ropsuel» CTOpOHe — cna6o. Ha xojlofsHol CTOpoHe MOA KPH- 
TajUl 3aXBaTbIBaeT Coble IpHMecH, 4eM Ha ropauelH. ITO ABJIeEHHe oObACHA- 
CA HEOMMHAKOBbIM MepeoXJaxKeHnem pacmlaBa C pa3HBbIX CTOPOH Novis — Ha 
COuIOMHOH CTOpOHe CHJIbHee, FEM Ha ropsuei. ITO MO¥KHO BUeTh Ha cboTorpa- 
puu puc. 16 nposombHOro wiuda KpHcTasia aJOMHHHA, jlerupopanHoro Cu®*, 
104%, BbipatienHoro Oe3 BpallleHHA C 7-MHMHYTHOM OCTaHOBKOM B MYyHKTe ie 
Ha puc. le mpuBeszena pajuorpamMa Toro »*e KpHCcTaJla. Haxson, o603HaueH- 

abiii IyHKTHpOM, OTHOCHTe/IbHO Mad TIpH OCTAHOBJICHHOM KpHCTaJLIe. 

Tlpu BBITAPMBaHHM KpuCTava MOBepXHOCTh pasfesa NosHMMaeTCA Has mep- 
BOHAUAIbHBIM YPOBHEM, IpHTOM TeM BBbIIe, YeM 6oubIIe CKOPOCTb BbITATHBA- 
Hua Kpuctamna. Kpait ee, OOpallleHHbI K ropauel CTOpOHe MOA, 3aTArMBaetcA 
Bblle, eM XOJIOMHEIH. HaksioH NoBepxHocTH pasjesa, OlpelleAeMbI STAM 60J1b- 
WuM 3aTaruBaHuem Tropsuero Kpas, BospacTaeT C yBeJIM4eHHeM CKOPOCTH BbITA- 
rupanua. Uem pblilie NoqHHMaeTcH MOBepXHOCTb pasieia, TeM B 60JIb- 
qneii cTemeHH TepeoxviaxyaeTcH pacnlaB, TEM IIpH OTHOCHTE/IbHO Oovlee 
HU3KO TeMMepaType HM C OoJIbiIeH CKOpocTbio poTeKaeT KPHCTasIM3allHA. 
Bemencrave Govibilero 3aTATHBaHUA MOBepXHOCTH pa3fesa c ropsxuero Kpad rpa- 
JMeHT nepeoxsaKneHHa y Topsuero Kpaa TIOBEPXHOCTH pasfesla MEHbILe, eM 
y xonoguoro. Hostomy poct KpHcTaJia WeT HeOMHAKOBO Ha pasHbIX CTOpOHax 
floma. Ha xoJloqHo cTOpoHe NOAA KpMCTaJJIMsallH yl riporeKaeT C OovIbIel CKO- 
pocTbio, KpucTas dopMupyeTca SACCP C MeHbINMM COBepIeHCTBOM CTpyKTypbl 
M OOJIbINMM 3aXBaTOM IpuMeceH, YeM Ha ropauel CTOpOHe. 

2. Ecau B Wpotlecce BbIpallMBaHHA MOBeEPHYTb Kpuctana Ha 180° (Ha TOJI- 
o6opoTa), TO OH 3aHMeT HOBOC ojlowKeHve, CMellaicb B CTOpoHy moBopoTa H 
W3MeCHAA HaKJIOH Ha OOpaTHblit (pHc. 2). Tipu mopopote o6acTb KpHucTaiia, 
KOTOpOH OH Obi OOpaliieH K XOJIOMHOM CTOPOHE MOA, «XOOMHAaA» o6slacTb, Oy- 
jleT BHEApATHCA B Oouee rulyOokve CyIoM pacmiaBa C ropsuelt CTOpoHbl. OOaCTb 
KpucTasia, oOpailleHHan Ao MoBopoTa K ropsAyeH CTOPOHe MOVs, «ropadaAa» 
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cOnécTbh, OyET MOMHMMATECH HA NOBEPXHOCTHIO paciiiaBa C XOJOAHOH CTO 
Hb, yBuleKad pacniaB 3a coOoH. Takum oOpasom, B pe3syJIbTaTe MOBOpoTa Cc 
NeHb MepeoXJiaKeHHA paciviapa Ha TopsxueH CTOPpOHe MOJIA yMeHbINaeTcs, 
Ha XOJIOMHOH BO3pacTaeT. BewielcTBHe STOrO HeMocpeCTBeHHO MOCJ€ MOBOPO 
pocT KpucTasa C XOJIOMHOM CTOPOHb! NOJIA yCKOpAeTcA, Cc TopsyeH CTOpoH 
HalpOTHB, 3aMedvIAeTCA, MOKA He OyfeT JOCTHTHYTO pexkHee, YCTAHOBHBIIEe 
cocTosHHe pacmaBa (40 moBopoTa). 
Ha puc. 3a npuBesena cotorpadus nposoubHoro wiaMda KpucTanna ask 
MMH, JervpoBaHHoro Cu®*, 10°4%, BbipateHHoro 6e3 BpallleHus, C MOBOp 
Tamu Ha 180° B nyuxKtax J, IJ,. ..,V 
D Ha puc. 36 — palMorpamma To 
ke wvMdba. TlepexonHaa o6sa 
OTMeyaeTCA MOABJICEHHeEM Ha Ip 
| JOJIbHOM Wwude KpuCcTasa KIMH 
\ 
\ 


C 


oOpasHoro yuacTKa, cBeTOoro H 
fopayaa a 6 Xonoduar pafquorpamMme apr? of Sk 
cmipout Gy e ; 6, Cmopova = BEPUIMHbl KJIMHa, Oomee CBeTWIO 
Nona B, /  nOnA 4YeM «rOpAuaA» YaCTb OCHOBHOH OO 

CTH KpHcTala, PopMupoBaBenc 
ronopowe CDBA. W CDE Pamtwierky 8 YOHOBHAX yeTaHOBMBMeTOes npO 

KpHcTawa JO H rocwe nessboes BAw ByA,— Wecca, H TeEMHOTO CO CTOPOHbI OCH 

NOJOHKeHHA NOBEPXHOCTH pasgyesa WO H Mocwse BaHHA KJIMHa, Oovlee TE€MHOTO, We 

MOBOpoTa «XOJIOMHaA» YaCTb OCHOBHOM o6acr 
KpucTalia. Oro pa3iMune werk 

YCTAHaBJIMBAaCTCA TakKe MO CTeNeHH TpaBHMocTH (pc. 3a) mMepexosHol Oba 

CTH NO CpaBHeHHIO C OOMacTbIO KpuCcTaa, dopMupoBaBllelicA B yCOBHA 

yCTaHOBMBUeroca Mporecca. 

3. Ecum ppamenve Kpuctana ocywectBuaserca HeIpepbIBHO, TO B KpNcTaJ- 

J€ OTCYTCTBYIOT OONACTH, POPMUPYIONLHeCA B YCIOBMAX yCTaHOBMBIeroca IIpo- 

Wecca, a NepeXOHble OONACTH CJIMBAIOTCA B OMHY HeMpepbIBHY!0 TOJIOCy, BbIO- 

IlyIoCA B OObeMe KpHCTaJa B BUe BUHTAa. Ita HelpepbIBHaA Tosloca HeceT JBa 

CM@XKHBIX COA, PAaSJIMYHBIX IO CTpyKType HM cosep»KaHHIo mpumeceili. 
KapTuna TpaBjleHua Ha mpososbHom lviMde KpHCTaia, BbIpalleHHoro Cc 

BpallleHHeM ero CO CKopocTbio '/, OOopoTa B MMHYTY H Hoxbemom 2 mM/MuH 

(puc. 4 a), cocraBjleHa MHOroKpaTHbIM MOBTOPeHHeM 3JICEMeHTapHoro ys3opa, 

NPCACTABAAIOULEPO OTHEbHYIO MePeXOHy1O OOACTh Tp MpepbiIBACToM Bpa- 

IeHHH (Cp. puc. 3a). 
Bosunkaioulad BO Bpatilaroniemca KpHCTaJe BUHTOBAA MaKPOHeEOAHOpOL- 

HOcTb MPOABIACTCA BHEWIHE B OOPasoBaHHH CHMpasH Ha ero IWIHHApHueckon 

nopepxuoctu. War cnupanu S onpeyensetcs oTHomennem CYMMapHOH CKOpo- 

CTH TObeMa KPUCTaJWIa v, H ONYCKaHMA MOBepXHOcTH paciaBa B THIsIe v2 

K 4HCaly OOOPOTOB N KpucTamia B elHHUILy Bpemenu S = j (A=), K rpe6- 

HAM BATKOB CIIMpaJiu Co cTO 

BHHTOBOH CJioH. Bnauupt 

BHHTOBOMY CJIO1O. 
Topsune, cpervpie Ha cbotorpadun (puc. 4a) 

CA, OOocO6AIOTCH, B WeHTpaJIbHOH ya 

MeHTpaJIbHOrO KepHa CBOHCTBeHHO Tak 

OMHUM, KpaiHe CBoeoOpasHbIM, BHJOM 

JlaM, BbIPallMBaeMbIM C BpallleHvem. 

CTH KPHCTaJa, BbIPaNleHHOrO 6e3 B 

Had Ha cbotrorpadun, NOIOCa, CHJIb 

KpucTavia. K Kpato xononHolt o6n 

Jloca, Oojlee TemHan Ha 

JOAHAA OOAacTh. 


POHbI HMKHELO CKJIOHA IIPMMbIKaeT C1a60 Tp aBAWLMHCA 
MeXKy TpeOHAMH OTBeYAIOT CHJIbHO TpaBsemycsa 


NOJIOCbI HEPeKO MepeKpPbIBaloT- 
CTH KpucTasia. O6oco61eHHe B cbopme 
%K€ XOJIONHBIM MOJIOCaM HM ABJIAeTCA ene 
HeOJHOPOJHOCTH, CBOMCTBeEHHOM KpucTauJ- 
HenocpejcrBeHuo c Kpas K ropsueii o6a- 
PalleHua (puc. la), mpuMerkaer y3Kas, Tem- 
HO TpaBALlaAcA MOMOOHO XOJIOAHOH OOacTH 
acTH KPHCTaJa IpMMbIKaeT TOKE y3Kax M10- 
dotorpadun, rilyOxKe TpaBauasca, vem OCHOBHAA XO- 


O6e KpaeBble nowochl o6s3aHHI CBOUM IIPOHMCXOMKJCHHEM OTHOCHTEJIbHO 60- 
Jee CHJIbBHOMy repeoxsaxKeHHIO paciiaBa y KpaeB MOBepXHOCTH . pacnaBa. 
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‘oT KpaeBolt StppeKT Ha MPOMOJIbHOM wuiMde KpucTaia, BbIpalileHHorO C Bpa- 
envem (puc. 4a), nposBaseTcaA B Cy*KeHHN K Kpalo KpHcTasia «ropayHx» TO- 
3¢ MU paciiHpeHHA «XOJOAHbIX» nomoc. Ha camblli KpaHi KpucTaima ropxuHe 
5nacTH BbIXOAAT YSKHM ocTpHem (cp. TakxKe PHC. 3a u 36). Topaaue moJiocHl 
olpesaroTcs» ele H M0 Toli IpwuuHe, YTO OHM OpMUpyroTcA B MecTax Cy2Ke- 
wa KpucTaia (Ha ropsuei cTOpoHe TemsOBoro oma), uTo, Kak Oyser 
WHO M3 CJlelyloulero pase, ConpoBowk\aeTeH Mepeox 1arK eH -M pacmiaBa 
KpaeB KpHCTaJia. 

4, Ecam nepponauasibHad CKOpocth BHITATHBAHHA KpMCTaila yMeHbulaerca, 
(0 KpWcT IJ HeEH3MeHHO yBemmunBaetca B AuaMeTpe. TIpa o6patHom M3MeHe- 
{MM CKOPOCTH BEITATHBAHUA % PHCTAIII cyKaeTcd. ITH BHEUIHHe USMeHCHHA pa3- 
epoB COMPOBOKLaloTcA rayOoKUM H3MeHeHHeM CTpyKTYyPbI KpucTaa. 

Ha puc. 46 mpuBeleHa cboTorpaduxA mpoLoIbHoro miiudba KpucTala asio- 
HMA, BLIPAuleHHoro Cc BpallleHHeM CO cKopoctbio 2 06/MHH. Tlpu Heu3MeHHou 
CKOPOCTH BHITATHBAHHA (2 MM/MMH B BepXHel ¥acTH KpucTasa) MOOCbl HeOA- 
HOPOMHOCTH, BOSHHKAIOUIMe B KpucTame B pesybTaTe BpalleHua, MAyT MpH- 
O1U3UTebHO Ha OMMHAKOBOM paccTOAHHH apyr of Apyra (1,7 mm), DopmMupyACcb 
ga BpeMaA, paBHOe ~ 0,65 mun. [lp yMeHbiweHHu cKoOpocTH BbITATHBaHHA 
(B nyHKTe aa) 10 0,5 mM/MuH, T. €. B 4 paga, paccTosHue Moxy molocaMU H3Me- 
HATCH HeMPOMOPUMOHAbHO Majo BHawase, H IpHTOM MeHbule c Kpaa Kpuctad- 
fia (1,4; 1,2; 1,0; 0,8; ... MM), 4eEMB L[CHTpasbHOW YacTH (cooTBeTCTBEHHO jas 
Be Weend |; MM). STO ykKasbiBaeT Ha TO, uTO CKOPOCTb pocTa B Havalle 
TlepexofHoro mpouecca SHadHTCIbHO TIpeBbliiaeT CKOpOcTb MojybeMa KpucraJ- 
jla MU, CulelOBaTesIbHO, MOBepXHOCTb pasfea omycKaeTca, HK TMpHTOM GouIpue 
B WeHTpasbHon uacTu. bompulad CKOpocTb pocTa KpHcTala B WeHTpe cBujle- 

“TesIbCTByeT O 6obLeM MepeoxiaKLeHH paciiiaBa MOA gToli IWeHTpasIbHO 0O- 
jacTbIo, ueM y KpaeB KpucTaJa. O6nacTh KpucTaia, (pOpMupoBaBIAACA M3 
6omee MepeoxaKLeHHOrO pacmlaBa, oTMedaeTcs Ha MpofoJIbHOM wIMde MOAB- 
jenuem «xosloguoro» Konyca /— J], BHepsrouleroca B «ropATy10» oOacTb. 

Ilpu o6paTHom u3MeHeHHH cKopocTH Tlojybema (C 0,5 Ha 2,0 mm/M, CM. PHC. 46) 
Hayao mepexosHoro mpotlecca OTMeUaeTCA SHASHTEIbHBIM OTCTABAHHeEM PO" 

“era KpucTasa OT ero MofkbeMa, TIPHHCM OHO OovIbIlle B WeHTpe MOBepXHOCTH Pas- 
jena, uwem y ee KpaeB. TlopepxHocTb pasevia, cleloBaTesbHO, MOHUMaeTCA. 
Ipopucanue ee Kpacn CBUJleTebCTBYeT O OOVIbIIEM flepeoxsaxKeHHM paciiaBa 
y Kpaep M0 CpaBHeHHIO C TeHTPabHOM WacTbIO. B crpyktype Kpuctasa 2TO 
ormeyaeTcA OOpazoBanHiem «ropsudero» KOHyca, BHe{psrouleroca B «XOJIOJLH 10» 
o6sacTb KPpHCTaJia. 

YxKa3aHHble mepexosHble Mporecchl BHISBIBaIOTCA HapywieHHeM TeILOBOTO 
6ananca B CHCTeme paciaB — KpHCTaJ. Tipu yMenbuleHuu CKopocTH nojybema 
yMeHbilaeTca OObEM METAJLIA, KPHCTAIIMSYIOWLerocA B eMHILy BpeMeHH, H, 
CyleOBaTeIbHO, KOJIM4eCCTBO ppllemouleroca Tella KpMCTaMsallAy. Beues- 
cTpue 3Toro co3zslaeTca HefocTaTOK Tena, vlyulero wepe3s KPHCTaI.T. Kpucras 
HeCKOJbKO OCTHIBaeT, YTO BMedeT 3a co6oli yBesM4eHHe MepeoxJakleHH A pac- 
rapa B IeHTpasIbHO YacTH MoBepXHOCTH pasjena. [pu yBeiMueHHH cKopocTa 
TOMbeMa KOJMYECTBO BIE AIOULETOCA rena KpucTawimsanun BospacTaeT, 
BculeacTBHe Hero cosaeTcA W3OKITOK Tela, UAyero Yepes KPHCT JWT. Kpuctai 
HeCKOJIbKO HarpeBaeTca, BCNeACTBHE Hero mepeoxlark ene B WeHTpasbHow 4a- 
cTH moBepXHOCTH pa3sjela yMeHbILaeTCs. 

V3 o6cyKJeHHA puc. 46 HerocpeAcTBeHHO cilenyeT, YTO juo60e H3MeHeHHe 
CKOpocTH nloybema KpUCTaJta (Tak we KaK OCTaHOBKH — puc. 1) MpuBosAT 
K 3HauHTeIbHOMy yCyryOJleHHI0 HeEOMHOPOAHOCTH B CTpykKType pacripeeieHHu 
mpumeceHh B KpHcTaJIe. 

5. Ycrpanenue CTpyKTyPHBIX H IIpHMeCHBIX HeolHopowHoctell B KpucTasax 
cjlelyeT WCKaTb B CO3aHHH CUMMeTpHUHOTO TelOBOrO MOA ycTaHoBJIeHHi 
BCX IIPHYHH, NPHBOLAULAX K CTO UCKaKeHMIO U, CleOBATebHO, K Hep aBHOMep- 
HOMY TlepeoxJlaxKeHHIO pacniapa y MoBepXHOCTH pasfea. 

MockoscKuit aBiallMOHHbIit TeXHOMOrHyeCKHit Tlocrymuio 

MHCTHTYT 16 I 1961 
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PHSHIECKAA XHMH 
ee 


Unen-koppecnonjent AH CCCP HU. H. NJIAKCHH wu B. H. COJIH bILIKHH 


BJIMAHWE PACTBOPOB EJIKOFO HATPA HA MOJIOCY NOrJIOWEHH A. : 
NOBEPXHOCTHbIX FHAPOKCHJIOB HEKOTOPDbIX CHUJIMKATOB 


Muvepasbt peqkux 9uemeHToB, OTHOCAIMeCH K KJIaCCY CHJIMKaTOB, MOXKHG | 
pasOuTb Ha [Be Ppyrinb M0 cnocoOHOCTH UX K (blotanuu. CunuKatet c H30JIH- |) 
POBAaHHBIMH TeTpasipamu SiOa B KpuctamMuecKHx CTPyKTypax C MOTHOM yna- 
KOBKOH MOHOB dbloTHpy1oTcs 6e3 TpeIBapHTebHOH MOLTOTOBKH HM OKCHTHApHJIb- | 
Mbl€ PeareuTbl XOPOWO 3akpelJisiOTCA Ha UX MOBepxHoctu. CunMKaTH c KOJIb- | 
I€BPIMH AHMOHHBIMH pauKalamu TpeOy1oT MpeBapuTebHOK OOpa6oTKH dTopu-— 
CTOBOLOPOAHOH KUCJIOTO, pacTBopamu KpeMHeTopuctoro WIM eqKoro HaTpHaA 
(*, °). B pynax uame BCTPeualoTCA CMeIMAaHHbIe KPHCTaJWIbl, a HX CHWIMKATHBIe | 
CTPYKTYPbI lpeTepieBaioT W3MeHeEHUA B Mpomecce renesuca, 4TO yxymumaer 
(OTAaWHOHHBIe CBOlicTBa. Hapymenua B Kpuctrasmueckoti pelleTKe IIPpHBOAT 
K TOMY, 4TO B Mopax M TpellMHaXx YacTHUBI ocTaeTCA acopOupoBaHHas Bowa, 
KoTopas MOxKeT XapaKTepH30BaTb MOBepXHOCTH, yuacTBYyIOMLyIO BO (blOTallHoH- 
HOM axkTe (°, 4), 

IIpeqcraputenamu Takux cuiMKatoR ABJIAIOTCH O€PWJIJI H WApKOH, Ha m0- 
B€PXHOCTH KOTOPbIX OOHaKaroTCA COOTBETCTBYIOWHe PatNKasbl, IPH pacKasl- 
BaHWM WM W3MeJbueHHH pysb. Ja OnBITOR C€AHMCHTOMETPHYeCKHM IIyTeM 13 
BOAHOH Cpelbl oTOMpanuch vacTuLpI €CTECTBCHHBIX MHHEepaJiOB BeJIMUMHOM Mme- 
Hee 5 w. Yacrb nopomKos oOpaOaTbIBaslacb pacTBOpoM e1Koro HaTPUA M3 pacueta 
3 nr/r. Brmenaunpanne Besoch MATHKPaTHO B TeyeHue 2 vac. mpu 20°. OrHomeHne 
TBEpAow asp K KHIKOL cocTaBsias0 1 : 50. Tlocne oxonyanua BbILLeIa4HBaHua 
NpelaPaTbl MPOMBbIBAIMCh JUCTHAAMPOBAHHO! BOLOH JO HC4Ye3HOBeHHA Uleu04- 
HOH peakiuu. Heo6pa6orannnie 1 oOpaOoraHHble o6pa3upl BBICYIUMBaJIHCb Hall 
OKHCHIO KaJIbULWA LO NOCTOAHHOrO Beca. UactunB IMPpKOHa HAHOCHJIMCb Ha MVia- 


CTHOH TomuHHEI. B Kayectpe CBASYIONErO BellecTBa IpuMeHsascA 3% pacTBop 
MCHIMHCKOTO Ba3eJIMHOBOTO Macula B MeTposenHom supe. IIpeccopanne pe- 
JIOCb IPH aBseHHu Zo 100 atm. 


eee nae B HNpakpacubix Jly4ax CHuMasUCh oT 2 fo 4 w Ha MKC-11 
rt -12, 


HM yTvleKucsoro raga (5), 

Ha puc. 1 npuseneusi Hupakpacuple cnekTppi norsomenusd MOPOIKOB IHp- 
KOHa H Oepnaia. Uacruret HUPKOHA Tp TOvMMHe cog 0,3 mr/cm? jaioT y3Ky1o0 
H CWJIbHYIO Mowocy norsoneHHsA 3340+10 cm? (2,99 W), He 3aBucsLyIo oT 
oOpa6orKu PactBopom NaOH. Ilnacrunka v3 NOpoulkKa OepHsia IpH ToOVILMHe 
1,02+0,02 mm noxaspipaer HIHPOKYIO Nowocy mormouenua 3620+10 cmt 


APYTUX BellectB. Metojom HHp akpacuoli CIeKTPOCKOMMH MOKa3aHO, 4TO TIpH 
eee BOAbl HA NOBepxHOcTH MHKpOnNOpHcToro creKa HMeeTCa TPH clon, 
OOpasylonlAx rupaTHyto oOOOUKY yacruIBl 4 oO aarouyHx XapaKTepHbIMH T10- 
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tamu lormoujenua (°°): 3749 cm | — norsouleHHe OCHOBHOM yacTOTH rpynn 
1 nospepxHoctu; 3670 cm '—norJiomjeHve BO3MYMIeCHHEIX rpynm OH aycop- 
POBaHHEIX MoIeKyJI BOLE; 3450 cm *— norviomleHHe OCHOBHOM YacTOTHI KOWIeOa- 
H MOJI€CKYJI BOE B KallHJIJIApHO-KOHJeCHCHPpOBaHHOH 
ge. 

Ha noBepxHocTu cusIMKaTa OblJIO HalieHoO cyule- 
30BaHHe ABYX THIMOB afCOpOUMOHHBbIX WeHTpoB: rHJ- 
KCHJIbHbIe rpynmbt OH u BavleHTHO-HeHaCHILLeHHbIe 
oMBI Kpemuua (7°). B cumy aHHOHHOH cTpyKTypbl 
WMKasla WIM HapyiieHHa CTpyKTypbl KpucTaiMue- 
MX TeTpa3pOB BepOATHO OOpas0BaHHe BaJICHTHO- 
HACHIILCHHBIX ATOMOB KP€MHHA. Ognako jelcTBve 
| JOJDKHO paciipocTpaHATLCA pele Bcero Ha OVIH3- 
wKalllve AaTOMbI, a HMCHHO — rH pOKCHJIbHbIe rpyl- 
I, YBEJIMYHMBaA UX IPOTOHOJOHOPHble, KHCJIOTHBIC 
olictBa. B sToM ciy4ae pe3KO BO3pacTaeT SHEPrHA 
pas0BaHHA BOOpOAHOK CBA3H, MpHOwJIMKAACb K 
(MuuecKkoH. MosekyJbI BObI, alcopOupoBaHHble Ha 
THBUPOBAHHBIX THAPOKCHJIbHBIX TpyMax, MOTYT pi. 1. Yadpaxpacubie 
Tb yaJIeHbI C MOMOMIbIO XMMMYCCKHX PeaKUMH JIM- — chexrps uupKoHa u Gepuut- 
)}oKeCTKMMM (pu3HueCcKHMH MeToamMH. I[losToMy B_ uaa B 3-mMuKpoHHoH o6nacTu 
yaae Oepuuiia CHATHE KBa3HK pUCTaJIIMYeCKOH TIJIeH- ¢ Ee ie. Be 5 
{ BOMB, MpenAatcTByiomelt acopOWuH OKCHTHApHJb- Saniort ZtSiOa mpi Sane 
IX peareHTOB Ha MOBepXHOCTH uaCTMYeK, BEAYT XH- — jeyyu 0,3 mr/cm2: 2 — no- 
f4€CKHM TIYTeM. Ha MOBEPXHOCTH BO3MO?7KHO oOpa- loca MOrOuleHHA y Sepuu- 


Banue ONa-rpynn, M60 MexaHH3M cBxH3aH C BbI- 1a AleBes[SicOQis] _(mpec- 
COBaHHble MacTHHKH S= 


Npanycraxue —>~ 


Pe OR MEL wabye 


a = _ 

elauHBaHHeM TMOBpXHOCTHBIX BaJIHTHO-HEHACBIULEH- 4°99 3° 99. au): 3 — 7a 
1X aTOMOB KpeMHH A. %Ke MOOCa MoCe OOpabor- 
Tlonocbi normouleHua THApoKcuabHBIX rpynm OH xu sepen Gepuuta pactso- 
SBOJIAIOT CYHTb O CIOCOOHOCTH CHJIMKaTHbIX MHMHe- pom NaOH (3,0 mr/r) 


0B K duotanuu. [IpucytTcTBue B UccJIeLyemMoM OOpas- 

* MOJIOChI NOFOULeHHA BOH3H 3640 cm ', OOHapy2xKeHHOH Ip CHATHM HHGpakpac- 
dro CieKTpa B MpecCOBaHHbIxX MaCTHHKaX W3 MOpoOliKa, YKa3bIBaeT Ha HeEOOxo- 
IMOCTb IpesBapuTeIbHOH OOpadoTKH CHJINKaTa HeopranHyeCKHMU aKTMBATOpaMu. 


VuctutyTt ropHoro pea um. A. A. CKounHcKoro Tloctynuuio 
Axkajlemun| HaykK CCCP 17 IV 1961 


WHMTHPOBAHHAA JIMTEPATYPA 


Pima cu HH, Beer. AH CCCP Ne il, 35) (1959). 2 Bo AS wem 6.0 i, 
mu, BM. Knacceu, MW. H. Iianaxcuu, DPnotaqun, M., 1960. % W. W. Cob- 
*ntz, Bull. Bureau Stand., 7, Ne 4, 619(1911). 4A.J. Harrison, J. Am. Ceramic. 
ie., 30, No 12, 362 (1947), 5A. H. Anexcaugapos, B.A. HukurTun, YOH, 
P 1, 3 (1955). ®&® A.B. Kuceaes, B. MH. Jimruu, Konn. xypH., 22, Ne 4, 403 
960). 7H.T. Apocaaspcxkuih, A. H. Tepeuuu, JAH, 66, Ne 5, 885 (1949). 
fi "Gandy os, JTAH, 95,°No 6, 1235 (1954). *® B.A. HuxkutTun, A. BH: Ca- 
OE Amba koa p a Kany KOX, 30; Nel, 117 (1956). 2° A. He Cugxopos, 
OX, 30, Ne 5, 995 (1956). 
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Jloxnsagn Akanemun ‘Hayr CCCP 
1961. Tom 139, Ne’4 


PH3HYECKAA XUMH$ 
K. B. WAJIMMOBA u H. B. MIMPOPOBA | 


BJIAAHHE TEMMEPATYPbI HA ONTHYUECKOE MOrJIOWLEHHE 
NOJIUKPUCTAJIJIANECKHX CJIOEB CYJIbB®UAA KAAMUA 


(ITpedcmasaexo axademuxom B. H. Kondpamoeesim 17 III 1960) 


B HacTOAMeM COOOMLEHHH H3JIaraloTcA pe3YJIbTAaTbI UCCIeOBaHHH BMAHMY 
TemilepaTypbl Ha OMTHYeCKOe MOFMOWeHHe C0eB Cybdusa Kalmus. IIpu KOM: 
HaTHOH Temnepatype CieKTpbl aOcOpONHH NOJMKPHCTaIM4YeCKUX TwieHOK Cdy 
v3y4aiucb pxAom aptopos (1°). B pa6ote (*) Obluio ycTaHOBJIeHO, 4TO CIeKT}) 
NOPIOMLeHUA TOHKHX, cloeB CdS sBsaeTCH CJIO*KHBIM HM UMeeT B OGsacTH 300—) 
550 Mu TpH MakcumMyma aOcopOunu mpu AA 340, 420, 500 mu. 

Jlo cux mop noso6uble uccmeqopanua (7, *) MpoBoqusuch Ha mpHOope OO-4 
Mbi mocTaBHJIM CBOeH 3aauel H3Y4HTb CoTorpaduyuecKHM MeTOJOM CTPpyKTyp 
JWIMHHOBOJIHOBOTO MaKCHuMyMa aOcopOunMu nwieHOoK CdS, ucnoub3sya mpHOop 
jlocTaTouHo Ooubuoh jucnepcvei. CnekTpbl doTorpadbupoBaiuch C MOMOLLbH 
Kameppl Y@-84 cnexTporpada MCII-51. Kpome Toro, Ham mpeycTaBslAl0ch 
IIPHHUMMHAJIbHO BaxkKHbIM YCTaHOBHTb, NPOHCXOAAT JIM H3MCHCHHA B CTpyKTypl 
vccJleyeMOro MaKCHMYyMa TIpH MOHMKeHHH TeMMepaTypbl OT KOMHATHOK JO TeM 


C TOUKH 3peHHA NMOJYeHHA HOBbIX JOMOJIHHTeJIbHbIX CBeEeHHH, OObACH ALOU) 
IIpHpody yKa3aHHoro MaKCHMyMa aGOcopOlMH, UH, YTO OCOOe€HHO BaxKHO, MOTY? 
lath KapTHHY JMHAMUKU BOSHHKHOBEHHA MOJIOC MOFOWeHHA CyIbpuya KayMys 
IIpPH HH3KUX TeMMepaTypax, IIpHpoa KOTOPbIX lO HaCTOAMLeErO BpPeMeHH OCTaeTCs 
cnopHoH (°, °). 

Ucceqyemble HaMH C/OH MpHroTOBAAMCh TyTeM cyONMMallHH MOpomtké 
cybpuya KaMuA B BakyyMe (10 °mM), B aTMocdepe aproHa uM CepHHcTorO BO 
opola mph jaBuenuu 0,5—1 mm. Hanpiienue mieHoK Mpou3BoNOcb Ha Nop 
JIOWKKU, KOTOPbI€ MpeIBapHTeIbHO CHeUMaJIbHO He MOMOrpeBasucb M B Hauadlt 
PacMblIeHHA HAXOMMJIMCb pH KOMHATHOM Temiepatype, a TakoxKe Ha MOMJOKKM 
IIpeqBapuTebHO NOLorperple Jo Temnepatyppl 300, 350, 450, 500 u 550°. Ke 
TI€pHMe€HTaJIbHaH yCTaHOBKa, B KOTOPOM MpOHCxXOLNNO H3roTOBJIeHHe Mpenapa) 
TOB JIA HCCIeOBaHHA, CKOHCTPpyHpoOBaHa TaKUM OG6pa3o0M, YTO HarpeBaTesb HC 
NapuTea, a TakKe HarpeBaTedb NOMIOKEK B TeYeHHe BCero Mpolecca Harible 
HUA IVJICHKH HaXOMMJIMCb BHE PaCHbIIMTebHOTO OGbeMa HM NOSTOMY MoMaaHHe 
NOCTOPOHHUX IpHMeceH B NOJYMPOBOAHHKOBbI COM B Mpotecce ero Hamble 
HHA HUCK HOUaOCcb. B kayecTBe NOMIOKKU UCMOMb30BaIMCh CTCKJIAHHbIC HM KBap) 
IeBbI€ TJIACTHHKH. 

Hanuma onbiraMu ycTaHoOBJleHO, YTO MIeHKH, HalblieHHble Ha MpesBapy 
TEJIbHO NOLOPpeTble MOMIORKKU, HE3ABUCHMO OT CpeAbI, B KOTOPOH MpoucxosHAC 
MX IIpHroToBseHHe, B OOacTH 460—507 Mu Kak MpH KOMHaTHOM TemmepaType, 
Tak HW Ip TemMMepaType 2XUAKOTO a30Ta He OOHAPyxXHBalOT MOOc abcop6muH. 
Crow, CyOJIMMMpOBaHHbIe Ha MOLIOKKU TpelBapuTeMbHO TOLorperble He HK 
yem 40 300° C o6napyxXuBaioT 3e1eHYIO JIOMMHECHEHIMIO, H B OOacTH, rye H 
CQ®-4 pw KoMHaTHOM TemMnepaType HaGNOLAICA OLMH JWIMHHOBOJIHOBEI MaKCH 
MYM norsoulenusa (?, *), MpH creKTporpacwyecKoM meToye HCCIeLOBaHUsA HMetO 
OAMH HJIM [Ba MaKCHMyMa aOcopOun (puc. 1). IIpu tTemneparype 77,3° K 
CMeKTp aOcopOlHH TaKUXx OOpasiloB HMeeT cIOKHYIO cTpyKTypy (puc. 1). 

B jaHHOM CoOOULeHHH HeBO3MOXKHO JeTaIbHO paccMoTpeTb Takwe ABJIeHHA, 
Kak BJIMAHHe Ha CNEKTP NOPIOWLeHUA Cpebl, B KOTOPOH Mpoucxosuso pacmbime 
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ge, a TakKKe BIMAHHe TEMMepaTYPbI MpeABapHTeMbHOTO MOLOTpPeBa NOMWIORKKH. 
ecb GyLyT OOcyKMaTbCA JIMIIb OCHOBHbIC 3AKOHOMEPHOCTH H3MCHCHHA a6copo- 
an CdS mp W3MeHeHHM TemMepaTypbl HCCeAOBAHUA OT KOMHAaTHOH JO TeMIe- 
arypbl 2uKoro asora. Ha puc. | W300paxKeHbl HanOoulee XAPAaKTePHbIe MUKPO- 
ororpamMbl cneKTpos. [Ia Toro uTOObI u30eKAaTb MYTAHHIbl IpH paccMaTpH- 
HUM PHCYHKOB, MUKPOOTOrpaMMbI MPOHSBOJIbHO CMeIILeHbI Apyl OTHOCHTEJIb- 
9 Apyra no BbIcoTe. OfHaKO, KaK Oblm0 yCTaHOBJIeHO, MPM MOHMKCHHH TEMIIC- 
aTypbl, Ip KOTOpOM usyyaacb adcopOlMaA, B JIeHCTBUTEJIbHOCTH BCera HMeeT 
ecTO YMeHbINeHHe (poHa CIVJIOMIHOTO MOTVIONLeHHA, MpaBya He B TaKOH cTeneHH, 
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9c. 1. MukpodboTorpamMbl CreKTpOB MOIVIOW,eHHA MIeHOK CdS, HanpiwieHHBIx B aTMocidepe 
HoS wa nopoxKH, Harpetsie 20 350 (A), 500 (B) 1 550° C (B) 


Kak 3T0 cylelyeT u3 puc. 1, HO y OTJCMbHEIX OOPA3ILOB MOBOJIbHO Pe3KOe. Cue- 
yeT 3aMeTHTb, YTO 9TO ABJIEHHe He CBASAHO C TOJIMMHOH UCCIeAyeMOoro CJIOA. 
pu omHakoBo TOMMIMHe MIeHOK, OHH OOpasitel ObIIM MpospayHbIMH, Apyrue 
COBepleHHO He MpospayHbIMU B OOMACTH 4600—5070 A. Sto ropopHuT 3a TO, YTO 
pakTop, OMpeetMOULM MOrOuleHHe B yKasaHHOli YaCTH CleKTpa, MeHAeTCH OT 
o6pasna K OGpasity. [losTomy ovo He MoxeT ObITh OTHECCHO K (byH aMeHTAaJIbHO- 
My NOrowleHu1o H, OYeBHAHO, COyCNOBNeHO HaIM4MeM MOPOULAOULHX WeHT- 
POB, KOHIeHTpalluA KOTOPHIX He BO BCeX MpelapaTax OAMHAKOBA. B HalliHx OMbI- 
TaX YCJIOBUA USPOTOBJIEHHA USYYAeMBIX C10eB HCKIIOAJTH nonaflanue B cyOH- 
MaT MOCTOpOHHUX MpHMecel U, CuIe1OBAaTe/IbHO, IPpHMeCbIO MOMIH 6bITb JIL 
H3ObITOUHBIE Ha CTEXHOMETPH4eCKHM COCTABOM AaTOMbI OAHOTO H3 KOMMOHCHTOB 
Bemectsa. B paGore (3) moka3aHo, 4TO BBUy OoMbION JeTyHeCTH Cepbl, Takou 
TIpWMecbiO ABJIAIOTCH U3ObITOUHbIC ATOMBI Kaj\MHA. AGOcop6uuaA STHX H30bITOUHBIX 
af, CTeXHOMeTPHYeCKUM COCTABOM ATOMOB METaJJIa HM ONpeeAeT MOPJOULeHHE 
(CdS B paccmaTpHBaemoH oOsacTH crleKTpa. 

I]p nonmKeHuu TemMepaTypbl OT KOMHATHOH JO TeMMepaTypbl »HAKOTO 
asoTa, KaK NoKa3aiM Halim uccieoBaHUA, HadwOaeTcA OOMIMH JIA BCeX IlIe- 
HoK (pwc. 1) caBMr MaKCHMyMOB MOFOULeHHA B KOPOTKOBOJHOBYIO o6acTb 
ciekTpa H MyOseTHOe pacllenseHHe JJIMHHOBOJIHOBOM TMOJIOCEI. KopoTKoBOJIHO- 
Baa losloca pH KOMHaTHOM TemnepaType HMeeTcH He y BCEX o6pa3ioB. B Tom 
emyyae, Kora OHa OOHapyKuBaeTCA, MOHMKeEHMe TeMMepaTyPbl BIOTh AO 
77,3° K ue BbisbiBaeT ee pacienmenust. Kpome Toro, B 3aBHCHMOCTH OT yCJIOBHH 
V3TOTOBJIeHUA Tipenapata, B HCCyIefyeMoH YaCTH CMeKTpa MPH HUSKUX TEMITC- 
PaTypaX MOKET MOABUTHCH ellle OfHa WJM ABE NOMOCHI NOTOWeHHA. 
 Kax cnenyer ua puc. 1, pacilleneHve MHHHOBOJHOBOrO MaKCHMYyMa Y pa3- 
HBIX OOpaslloB Mpoucxo_uT mo-pasHomy. Ha puc. 1A us06paxKenbl MUKPOoTo- 
TpaMMbI cieKTpoB aOcopOuMH IWIeHKU cybpula KalMHA, MpHTOTOBJeHHOH B 
aTMochepe CepHHCTorO BOLOpOsa MpH MpeABapHTeJIbBHOM MOAOTPeBe TOM J1O¥K KH 
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Temnepatyp 127—161° K. B qanHom cayuae pacitienseHuio MpesiuectByeT 3Halp) 
YHTeIbHOe Cy2KeHHe 3ZTOH MONocbI. MuTepecHO, YTO MHTeHCHBHOCTH MOrJOLe|}! 
HUA B MOJOCaX, BOSHUKIIMX B pe3YyJIbTATe PACIIENeCHHA, PasJIMUHbI, MpHene 
KOPOTKOBOJIHOBbIM MaKCHMYM jlyOvleTHOrO paciilemeHHA MO HMHTCHCHBHOCTHS 
CyLeCTBeHHO Goubue ero JJIMHHOBOMHOBOrO. C yyeToM pacilenJeHHA pH Tem) | 
nepaTy pe *KMAKOFO a30Ta CIEKTP TaKOM MJIEHKH COCTOHT M3 TpeX ABHO BbIparkens 
HbIX MaKCHMyMoB Tipu AA 4876, 4849, 4723 A. | 

MuxpocbotorpamMbl cneKTpoB aOcopOunu, u3s06paxenupie Ha puc. 15, an 
IWI€HKH, MIpHFOTOBJIeHHOH B BaKyyMe IIpH MpesBapiTebHOM NoforpeBe Mos} 
jiokKu o 500°C, o6HapyxkuBaroT coBepIlieHHO HHY!IO KapTHHy pacilemieHuA, 
Bo-nepBbIx, Ip KOMHAaTHOH TemmepaType B HCCefyemonw OOsacTH cneKTpa umes 
eT M€CTO JIMIb OMMH MakcumMyM NorsomjeHus. Ilo cpaBHeHHio C COOTBETCTBY1O4h 
LMM MakCHMyMom puc. 1A oH CABHHYT B JJIMHHOBOJIHOBY10 OO/IaCTb IIpHMepHO) 
Ha 30 A. Cuelyer OTMeTHTL, UTO TakOl CABUT He Obi OOyCOBIeH H3MeHeEHHeM|| 
TemmepaTypbl uccle_yemoro o6pasia. KopoTKoBOJHOBbILi MaKCHMyM MOABJIA- 
eTCH JIMLIb pH TemmepaType HWKe KOMHATHOM — npuMepHo np 230° K. Om 
CpaBHUTeIbHO HEBEJINK H pH TeMmepaType 2*HAKOrO a30Ta. Bo-nepBbix, B 9TOM 
clydae LOBOJbHO WIMPOKMM JIMHHOBOJHOBbIM MAaKCHMYyM MOPsOuleHua pacusen-! 
JIA€TCA Ha [Ba MpHOMH3HTeIbHO OMMHAKOBbIX M10 HHTCHCHBHOCTH, IIpHueM C T10-) 
HWKeHHeEM TeMIlepaTypbl BeMYMHA MepBOrO H3 HUX CTaHOBHTCH OoJIbuIe BTOPO-) 
ro. Jl TakUXx meHOK ScheKT paculenenua HaGmOfaeTcA B MHTepBase TeMIIe-| 
patyp 167—1938° K, T. e. npu Temnepatype Oovlee BLICOKOH, 4YeM B IIpeAbILyIeM | 
cnyuae. Kak cuielyeT u3 puc. 15, npu Temmepatype, O1H3KOH K TemmepaType} 
*KUAKOPO a30Ta, MOABJIAeTCA elle OHA MOMOCa MOFIOUeEHHA, KOTOPad pacmosio-} 
2KeHA MEKLY OCHOBHBIMH MaKCHMyMamu aOcop6uuH. Takum o6pa3oM, B 9TOM CJly-} 
yae npn 77,3° K cnektp a6copOuun nouwMkpucTammmueckon nieHku CdS B Uc-| 
culeLyemoli o61acTH UMeeT yeTEIpe MaKcumyma mpH AA 4882, 4838, 4730 u 4707 A. | 

Ha puc. 1B ns06paxkenbl MHKpodoTorpaMMb! CMeKTpa MOTOUWLeHHA IMVIeHKY, | 
IIPHPOTOBJIEHHOH B aTMOcdepe aproHa Mp MpelBapHTesbHOM MosorpeBe MO- 
NOXKH Wo 500° C. IipH KomuaTHol Temnepatype cnekTp aOcopOuHH yKa3aHHOH | 
IWICHKM COCTOHT H3 ZByX mowioc. Paculerenue JWIMHHOBOJIHOBOrO MaKCHMyMa 
HaOsicqaeTCA B MHTepBale TemmepaTyp 223—193° K, T. e. mpH Temmepatype | 
Oovlee BLICOKOM, 4YeM B IIPeAbILyuIMx WByxX caryuasx. IIpu sTOM BeMUMHAa KOpOT- | 
KOBOJIHOBOTO yOsleTa PaCIelJIeHHA 3HAYNTEIbHO OOJIbINe JIMHHOBOJIHOBOPO, © 
OfHako TIpM jabHelmeM NOHWKeHHM TemnepaTypbl WHTCHCMBHOCTb JJIMHHO- | 
BOJIHOBOTO [yOsleTa paCUeMJIeHHA TakKxKe CTaHOBUTCA 3HAYHTebHOH. Kpome 
Toro, NpH Temilepatype, exkalleH B HHTepBane 223—193° K, noABAAeTCA YeT- 
BepTaxA MOOCa NOPJOUeHHA, a B MHTepBale TemmepaTyp 161—135° K Ha6mo-— 
JlaeTca HW aTad nosoca. Ilpu Temnepatype #xuAKOFO a30Ta MOMOKeHHe MAaKCH- 
MYMOB aOcopOlMH WaHHOH TeHKUM cooTBeTcTByeT AA 4878, 4838, 4807, 4706 
u 4637 A. 

Mrak, noulyueHuble pesybTaTbl yKasbiBaloT Ha TO, TO HasMyHe Mosc MO- 
TOUeHHA B clekTpe adcopOunu cysbdbusa Kalmus B oGmacru 4600—5070 A 
SaBUCHT OT YCJIOBHM MpHroToBJieHuA OOpa3suoB. Kpome Toro, mpucyTcTBue STUX 
MOJIOC CaMbIM TECHbIM OOPasOM CBA3aHO C JIOMMHeCIEHIMeH MIeHOK Ip HH3- 
KUX TemiepaTypax. Hamm cnektporpadwyueckue HCCeqOBaHHA MOKa3aJIH, 4TO 
COM CyJIbuLa KalMUsA pH KOMHAaTHOM Temmepatype B o6acTH 5000 A moryT 
MMeTb OMMH HWJIM Ba MaKCHMYMa MOPIOWeHHA, B 3aBHCHMOCTH OT TeXHOJIOrHH 
MOJYYeHHA rpemaparos. 

Kak OblJIO OTMe¥eHO, aOcopOUMA B YKa3aHHOM YacTH CeKTpa HM B HallleM CJly- 
ae He ONPeLeANACh TOJMMMHOH W3y4aeMbIX OOpa3slloB. ITOT tbakT MOJHOCTHIO 
coracyeTCs € BbIBOJOM (*) O IIpHMeCHOM XapakTepe MOrOMleHHA Cybpula Kal- 
MHA B OOsacTH 460—507 mu. 

{3 NIpHBeeHHBIX PHCYHKOB BHJHO, uTO CieKTp aOcopOWHu Np HH3KHX TeM- 
mepaTypax COCTOMT H3 HECKOJIbKUX MOMOC. ITO CBUAETEIbCTBYeT O TOM, 4TO 110- 
PIOULCHHE CBETAa IIPHMCCHBIM LEHTPOM MPOMCXOAUNT MyTeM Mepexoya S1eKTpOHa 
C HOpMaJIBHOrO YpOBHA NpHMecH Ha YpOBHH ero BOs6yaKJeHuA. Hamm uccae- 
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BaHUd NOKa3aNM, UTO LJIMHHOBOJIHOBbIM H KOPpOTKOBO HOBbIH MaKCHMYyMBI ao- 
pOuuu Np MOHMKeHHH TemmepaTypbI OT 293 no 77,3° K BenyT ceOa m0-pas- 
my. CuleqOBaTeIbHO, OHM OOYCJIOBJIeHbI PasJIMYHbIMH ONTHYCCKUMH mlepexo- 
\MH B IIpHMecHOM aToMe Kagmust. Mcxona 43 9HeEpreTHuecKOH CXEMbI BO3OyxK- 
‘HHBIX COCTOAHUM ZTOTO H3OMMPOBaHHOTO aTOMa, TAKUMH TepexoaMH MOPyT 
itp: 1so — 3pi u 1s0 — “pz. 

Viz pador (°) u3BecTHO, ¥TO MOA AelicTBHeM BHYTPHKPMCTAMNMYCCKOTO NOMA 
iepreTuuecKHii ypOBeHb aKTMBATOpAa 391 MOXKET UCMBITHIBaTh AyOMeTHOE, a ypo- 
*Hb 3p2— TpHMMeTHOe PacilelleHHe. B Halem calygae 3TOT s*peKT HaduII0- 
AeTCA JIMIb Mp JOCTaTOUHO HU3KUX TeMIlepaTypax. STO OObACHACTCA, OUEBUI- 
9, TEM, UTO 9HEPeTHUeCKH HHTepBa MExy pacilleneHHbIMM yPOBHAMH He- 
amuk. BemeycTBve STOro, MIpu KOMHATHOHM TemnepaType 3a CueT TEIJIOBbIX KO- 
eOaHuii SKCMepHMeHTAaIbHO Takoe pacilenienne, CKOpee Bcero, HE oOHapyXHT- 
a. C MOHWKeHMeM TeMMepatypbl, T. €. MO Mepe YMCHDIIeHUA TEIJIOBbIX KOJE- 
aHUii, ONTHuecKve NepexObl U3 HOPMaJIbHOTO COCTOAHHA Ha paciilerJIeHHbIe 
POBHU COCTOAHHA °p1 M *p2 HAYMHAIOT MpOABMATECA Kak CaMOCTOATEJIbHbIE M0- 


OcbI aGcOpOuMH, YTO MbI H HaOuloyqaeM Ha OTIbITE. 
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Jlokaagnr Akawemuu Hayk cccP 
1961. Tom 139, Ne 4 


PEONOLI A 


Cc. C. FOPOXOB 


CTPATHPPA®HUECKOE MOJIOXKEHHE APIUMHCKOM CBHTbI 
B THPJIAHCKOM PAMOHE BAWIKUPCKOM ACCP 


(II pedcmaeaeno akademuKkom TI. B. Haauexuneim 23 XII 1960) 


_ Bnepsple MeTaibHaa Cxema crpaturpadpun fin BawrkupcKoro anTHKJIMHO- 
yun TupsaHcKoro pahona 6biia paspadotana A. Wi. MBanoppim (+). Bea mout- 
gas Tova pudelickux oOpasoBanui 6biia pacuseHeHa HM Ha PAT CBUT HM TOV, 
,OBeIMHEHHEIX B yeTbIpe cepuu. Ilo mipapobepexbio p. Besou, K ceBepy OT 
noc. THpAAHCKOTO, OCOGEHHO LIMPOKO paclpocTpaHeHb] OTMOXKeHHA ABYX cepHit. 
Bepxuxia CepHx COCTOHT TOJbKO H3 OMHOM ApUIMHCKOM CBHTbI HM, MO MHCHHIO 
(A. VU. Usanopa, sBusetca callMaJlbHbIM AHaJIOrOM IIHpOKO W3BeCTHOH Ha 
fOxnom Ypaue aNIMHCKO CBUTH. B HwKHeM, KapataBcKol (110 A. VU. Usanosy 
MecTpoi), CepHH BbIeeHbI YeTbIPe CBUTHI (cBepxy): MMHbApCKas, HHSepCKad, 
KaTabckad HW 3MJIbMepakcKkan. Handouee MOJOAbIMH NOpOAaMH paccmaTpHBaemoro 
(paiiona ABJIAIOTCH MaJeOHTOJIOrHYeCKH OXapakTepH3OBaHHble OTJIOHKCHUA HHAKHE- 
‘po maeo30a (OpfoBuk, CHJYp, HWKHHH jleBOH), CJlararoulWe IeHTpasIbHy!0 WaCTb 
TaK HasbiBaeMol THpJIAHCKOM MyJIbIbI. 

B 1957 r. A. Vi. Ona uw B. A. Pomanos (4) Ha 3amaHOM KpbluIe aHTHKJIMHO- 
‘pua Ypau-Tay, 10 py¥bio Buurmesomy, yCTaHaB.IMBaloT yrvioBoe Hecorlacue B 
BepxHeli uacTH paspesa APIMHCKOM CBUTbI MexK/Ly CBeTJIO-CepbIMH mecuaHukaMu 
MW HuKeNexKallleli TOMMeH MecdaHO-CaHWeBbIX MOPOA. OHOBpeMeHHO Ha BOCTO- 
Ke paiiona, B BepXOBbsX P. Kpytoit Ospaxek, B. A. Pomaunos (°) BbI,eIM 43 
APIIMHCKOM CBHTbI CBeTJIO-Cepble KBaPIMTO-MeCuaHHKH, KOTOpbIe, MO ero MHC- 
HUIO, 3asleraloT C yIVJIOBbIM HecoriacueM Ha CJlaHWax TOM 2#Ke CBUTbI H CaraiorT 
CHHKJIMHaJIbHY!O CTpPyKTYPpy. 

B 1959 r. F. M. Keaaep sriepBble OTMeTHJI BbIXOAbI MHHDAPCKHX JLOJIOMATOB 
“To mpapoOpexbio p. epi Kyou M coOpal M3 HAX KOJeKIMIO CTPOMaTOJIH- 
ToB. OH CUHTal, YTO MHHbApCKHe MOMOMUTH! pacmoslaraloTcsA Bpllle BCeH CepHH 
«apUIMHCKUX» MOpo, pyubA Burmesoro u mpapo6epexkba p. UepHbiit Knog, 
‘4 HANOO/Iee MOJOLLIM WICHOM paspe3a ABJIAIOTCA HOJOMMTDI Ht TJIbIOOBbIe KOH VIO- 
mepatpt r. M. Mauiak (Tupaauckuil), ciaraiouue MpHCBOAOBYyIO Yacip KPYH 
Holi cHHKauHanH. [lo mHenuio B. M. Keasepa, A. UV. Vipanos u B. A. Pomanos 
HeMpaBUJIbHO OObACHANH CTpyKTYPHOe MOO*KeHHe SHJIbMepMaKCKHX fecua- 
HUKOB, CJlaraloulux He aHTHKJMHaJIM HM He CHHKJIMHAIH, a MOHOKJIMHAaJIbHbIC 
rpeOHU C HOposaMu peskO pasJIMYHOTO Bo3pacta, 0 OOe CTOPOHb! Kark/oro 
M3 HX. . 

Uccnenopanuamu apropa B 1960 r. 6blIO yCTaHOBJIeHO, UTO B ceBepHou 4a- 

ctw TupsianckoH MyJIb/bI pan6ouee JpeBHUMH NoposaMu KapaTaBCKOH cepHh, 
KaK 9TO M cmelyeT 10 cTpaTurpadpwyeckoH CxeMe A. WU. VUsanosa, ABJIAIOTCA 
TOPO SHJIbMep/aKCKOM CBUTEI. Ha 3anatHom Kpbiie THpJItHCKOM MYJIbAbi OHM 
oOHakaloTca K iory oT A. HukosaeBku Ha Xp. Bospuiol Bamryp; B 2 KM K 3a- 
many OT 1. CyIOHAYKOBO, Ha XOJIMEC, B mpapodepexbe p. BesoH; Ha BOSBbILICH- 
HocTH Mexkay pp. Uepxpiit Kooga 1 Kpytoli Oppaxkex. B ciloxkeHHM CBHTBI TIPH™ 
HuMAaIOT y4acTHe TOHKO- H Cpe HeIWIMTHATbIC pexke PyIbIGoBble KBapHMTbI HM KBap- 
 WwTo-lecuaHHK cpeTsl0-cepol, Oeson H XKeITOBATOH OKpackH, CO CJIeqaMH KO- 
coro HacjloeHHA MH 3HAKAaMH BOJHONPHOOMHON pAOM. OTUeTHBO BbIPaKCHHYIO 
| aHTMKIMHaJIb, 3allpOKMHyTy!lO Ha CeBep, ONMCaHHBIe MOPYAbI OOpasyloT JMLTb 
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Ha BOSBbIIIeHHOCTH K 3analy oT 2. CyroHzyKoso. Ha xp. Bonbutoi Bamryp wp 
Ha BOSBbIIIeCHHOCTH B lpaBpoOepexKbH BepXHero.TeyeHuaA p. KpyTou Ospaxkeki 
OTJOKEHUA SHJIbMepAaKCKON CBUTHI CaraloT MOHOKJIMHaJIbHO MafatomMe rp ABI 
KBaPIMTOB B TepBOM Culyyae Ha tor (a3HMyT Magenus 200—220° /“ 40—60 I 
IIpH OMpoKHHyTOM 3ameranun 350—360°  70—80°), Bo BTOopoMm — Ha ceBep gi 
(aaumyT nagenua 10—20° /“ 40—70°). AnTuksMHabHoe cTpoeHue paccmaT i 
PHBaeMbIX yYaCTKOB H IIPHyYpOYeHHOCTh NOPOA 3MJIbMepHaKCKOM CBUTbI K AN pan 
9THX AHTUKJIMHAaJIeH BLIACHACTCA JIMUIb pH OOULEM aHaJIH3e TEKTOHHKH paccMat- 
pHBaeMOH TeppHTOpHH. 

SuJIbMepakCKHe KBapILHTbI H KBapHTO-leCuaHHKH MepeKpbIBAalOTCA TeppH- 
TeHHO-C/laHWeBbIMH MOpoOaMH apwiMHCKOH CBUTHI. Ee OTuOxKeHHAMM CJIOXKeHBI 
OOLUIMpHble MoWlaqu B mpaBobepexte p. Beso, K ceBepy oT noc. TupaHcKoro,} 
CBo,HbI paspe3 CBUTbI B BepXHem TeyeHuu p. Uepupr Kooy npescrapsien B cne-| 
TyroulemM Bue (CHH3y): 

1. [py6osepHuctble KBapleBble, pexKe MOJIMMHKTOBbIe MeCuaHHKM Ceporo H) 
3€JICHOBATO-Ceporo UBeTa C MOLYHHEHHBIMM MPOCJIOAMH aJIeEBPOJIMTOB, XJIOPHTO- 
C€pHIMTO-KBaplleBbIX CJIaHWeB TOM %e OKPpaCKH HM Me@JIKOFaJIeuHbIX KOHTJIOMepa- 
TOB.,B .HWOKHEM) GaCTH 4p. ~ muslin eee lke Moutoctb 80—120 m. 

2. MaccuBuble 3@JIeHOKaMeHHbIe MOposbl (Hada3bl, AuaOasoBble NOpdupurHl, | 
UX Tydbl U TyoOpekunn) C XapaKTepHOH (bHOJIeTOBOHM, JIMJIOBOH, TeMHO-CH Hel | 
OKpackol, NMopoH MHHaseKkKaMeHHou TexcTypoH .... MomuHocth O0—100 m. 

3. Touma nepeciaHBaHuA pa3sHO3CpHHCTbIX KBapIeBbIX IleCCUaHHKOB, aJIeBpo- 
JIMTOB HW C€pHIMTO-XJIOPHTO-KBaplleBbIX CaHueB. B Hw KHeEH YaCTH TOU MpH- 
CYTCTBYIOT IIpOCJIOH H JIMH3bI OJIOMATOB HM U3BECTHAKOB MOULHOCTHIO Jo 1O—15M, 
B BepXHeli NpeoOalaloT TOHKOHACJIOCHHbI€ aJIEBPOJIMTbI HM CJIaHIbl, HO BCTpe- 
yaloTCA TOPH3OHTbI KOHTIOMepaToB. BenualoT CBUTy OeJIble KBAPUMTbI HY KBap- 
WHTO-MeCuUaHHKH .......4......... . Momuocts we menee 600 me 

Tlopoybl apuiMHcKO CBUTbI HCKJIOUMTeEIbHO HHTCHCHBHO TepeMATHI, MOBCe- 
MeCTHO pa3ONTbI TpeliHHaMH KJIMBaxKa. CTpyKTypbl 4aCTO 3aNpOKMHYTbI Ha 3a- 
Ma-}Oro-3anal, pexKe B MpOTHBONOJOKHOM HanpaBJeHHH. Buarofapa HamMunio 
B CBUT€ XOPOIIO MpOcJIexXUMBaAeMbIX TOPH3OHTOB KBapIHTO-MeCuaHHKOB, a TakxKe 
SeJICHOKAMCHHBIX TOpOX HM JOJIOMHTOB, HEKOTOPble CKa\KH yaeTCA OKOHTY- 
PHTb M0 STHM MAPKHpYIOULMM TOPH30HTaM Ha MeCTHOCTH. Tak, JOCTaTOUHO XxO- 
POWIO KOHTPOJIHMpyercA 3eJIeHOKAMeHHBIMH MOpokaMH WH MpOcJOAMH JOJIOMATOB 
CHHKJIMHaJIb B BepxXOBbAX p. Uepupii Kyou. lOxkublt OopT 3TOM CTpyKTYpbI 
cpesaH HeOoJIbINHM COpocoM ceBepo-BOCTOYHOTO HanpaBseHHa. Baowb JMHHU 
HapyeHHA B C€BEPHOM IIPHIOLHATOM OjlOKe OOHAaKalOTCA KBapILHTO-MecuaHHKH 
3H JIbMepaKCKOM CBHTHI. C iora OA, yrviOM K TEKTOHHYECKOM, KOHTAKTYy MOxo- 
AAT PasJIMUHbIe TOPH3OHTHI apLIMHCKON cBUTHI. [loceqOBaTeMbHOCTbh HallacrTo- 
BaHHA NOpOl CBUTHI K CeBepy OT 9TOFO y4acTKa H K ory OT xp. bonputoh Bawtyp 
MOJIHOCTbIO COBMalaeT HW ABMAeT COOOM 3ePpKaJIbHOe OTpaxKeHve KpblbeB 
CHHKJIMHAJIbHOH CTpyKTypbl. 

CuHKJIMHaIbHOe 3aMbIKaHHe OYepYHBaeT YOPH3OHT KBapIMTO-necuaHu- 
KOB, JIMTOJOrHYeCKH CXOJHBIX C NMOMOOHbIMM 2%Ke NoOpoaMu 3HJIbMepakcKow 
CBHTbI B 3 KM K Wry OT BepxoBbeB p. KpyToH Ospaxek. Kpapiuto-mecuaHuku 
BCHYAIOT 3eCb Paspe3 APWIMHCKOM CBUTbI HM COraCHO MOACTHMAIOTCA 3eeHOKAa- 
MeHHbIMH NOpOaMu. ITOT rOPpH3OHT KBaPILHTO-IleCUaHHKOB B MOJOOHOM 2Ke CTpa- 
THrpapWyecKOM COOTHOWEHHH MpociexKeH B CpeqHeM TeyeHuu p. Apria M0 KOH- 
TakTy MOpoO, aplLIMHCKOH H MHHbAPCKOM CBHT. 

Bo Bcex OTMeYeCHHBIX ClyuadX KBapUMTbIl HM KBapIMTO-NecuaHHKH 3aseraloT 
COrlacHo C MOpofaMM aplwHHCKO cBuTH. BpBoyb B. A. PomaHopa, ycmMoTpes- 
mero B CJlyyae pasIMYHOFO NPOCTHPaHHA NOpoOk apWIHHCKOM CBUTbI M KBapTO- 
Me€CuaHHKOB YyIJIOBOoe Hecoriacue, MO-BHJHMOMYy, OUIMOOUHEI. j 

CorjacHoO HM, BO3MOXKHO, C HeOOJIbIIMM TepepbIBOM OTJOKEHHA apIHHCKOli 
CBUTbI B BOCTOYHOM uacTH TupJIAHCKOrO paHOHa MepeKpbITbI AOJIOMHTaMH HM JO- 
JIOMATH3MPOBaHHbIMM M3BeCTHAKAMH MMHbAPCKOH cBuTHI. Ilopogbl mpenmyule- 
CTBCHHO He€ACHOCJIONCTHIe, CepOH OKpaCKH. OTJebHbIe HX MpocJOH Mepenou- 
HeEHbI CTpoMaTOJIMTamu. CpejH MHOPOYHCJICHHBIX HAXOJOK CTPOMATOJIMTOB B OT- 
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Kenuax cpuTs! MW. H. Kppiiopbm “3 cOopos 1959 r. B padoue J. Huxkouia- 
(MM B BepXOBbAX p. THPJAH GpIa onpeyenena cbopma Collenia buriatica 
sl., THNMUHad IA BepxHepHielicKUX OTOAKeHHH KapaTaBcKow cepHu lOx- 
ro Ypasa. Sra cbopma, Kak yKaspipaeT HM. H. Kpbiios (3), BcTpeyaeTcs B OT- 
KEHHAX, COMOCTABMMBIX C KapaTaBcKoli cepueli Ha m-Be Kaxun, Ilomogozom 
ipKe, THMaHe. 
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imc. 1. Peonormueckas KapTa CepepHoro oKOHYaHHA THpJIAHCKOH MyJIbAbI. 1 — anmoBiabubie; 

‘TomKenua (Q); 2 — qeBow HuxKHHI (D); 3 — cusyp (S); 4 — opgosuk (O), pudelickaa rpynma,; 

'— MHMHbApcKad cButa (Rmn); 6 — apuiwHcKan CBHTa (Rars); 7 — 3H/pMepakcKaad CBHTAa 

Rzl); 8 — apsaucKaa cButa (Rav); 9 — AMH3bI USBECTHAKOB, 10 — mpocnou KBapiaTo-necua- 

[HKOB HM 3@/IeHOKaMeHHEIX opogx; /] — KOHTAaKTbI: @ — HOPMAaJIbHBIC, 6 — TeKTOHH4eCKHe, 
12 — 9eMeHTHI 3aleraHua: a — HOPMaJIbHbIe, 6 — 3alpOKMHyTHIe 


Tloposst MHHbApCKOM CBUTHI BO BCeX OTMCUCHHBIX BBIXOMaX BCHTAlOT Pas” 
9e3 KapaTaeBCKOM cep, BBINMOIHAA AApa HanOoslee KPyNHBIX CHHKJIMHa sen 
Jafiona. Tloqo6uai mpHypo¥eHHOCTh K OTPHUaTeJIbHBIM 3JIeMCHTAM TEKTO- 
4MUeCKUX CTPyKTyp B CO¥eTaHHH C HeyCTOMYHBOCTEIO OTJO2KeCHHH MHHbsApC- 
Koil CBHTbI K MpolleccaM JleHyfalkun OOycIOBHa NOJOHKeHHE Ce B MOHWKEH- 
HbIX yuacTKax pewbeda. Tak, K loro-BocTOKy OT J. HukoslaeBku mopospl 
MHHbAPCKOH CBUTHI CJlarajoT y3Kyl0 CHHKJIMHAaJb, IlapHup KOTOPOH COBIIa- 
JlaeT C HallpaBJleHHeM JOJMHBI HWKHETO TeYCHHA P. Bompiuot ABusap. OTH 
Ke OTMORKEHUA HaOMOMAIOTCA B Ape CHHKJIMHAJH BMONb cpeqHeroO TeyeHHA 
p. Uepusit Koy. OcobeHHo mupoKoe Mowe KapOOHaTHBIX MOpO MHHbApC- 
KOM CBUTbI OKOHTYpeHO B OMHHE BepXHero TevcHHA P. Apu. Kak u B 
Mpembilyuux cyyanx, paccMaTpuBaeMbIC OTJIOMKEHUA CaraloT APO CHHKJH- 
HaJibHou cKsaqKu. BocrouHoe KpbIsIO STO CTpyKTYpbl CMATO B CepHiO MCVJIKUX 
BIOPHUHBIX CK/a[OK MepHAMOHANbHOrO NpocTHpaHuA, TIPeHMYLIECTBEHHO = 3a- 
12 AH, 7. 139, Me 4 945 


| 


IIPOKMHYTbIX Ha anal. AHTHKJIMHaIbHbIe CTpyKTypbl OObl4HO Mopdosoruger 
APKO BbIpaxKeHbI HEBbICOKHMH XpeOTHKAMH, CJIOMKeCHHDIMA TNeCUaHO-C/laHUel 
MM OTJIOMKCHAAMU APLWIHHCKOM CBUTHI. XpeOTHKM-aHTHKMMHAIH, NOMTPyKadch 
CeBep C pa3sJIHUHOM CTenMeHbIO KpyTH3HbI (HaKIOH Ocelt 20—60°), cBoeoOpasi 
MM «3bIKaMH» JlasleKO BaIoTCA B MOe KapOOHaTHBIX NOpox, a opoh Hu Te 
HOCTbIO ero mepeceKatoT. B cBxa3H C STOM OCOOeHHOCTbIO BOCTOYHBI KOHTY 
pacnpocTpaHeHUuA MOpOL MMHbAPCKOM CBHTbI OMMCbIBAeEMOM CHHKJMHAJIM Xape 
TepusyeTCA B IllaHe M3BHJIMCTOCTbIO MH CJIOXKHOCTHIO OUepTaHH. SanayHi) 


CKJIOHY xp. PenHbIi ocOKHeH HeOOJIbIIMM pa3JIOMOM. 

MuubspcKad CBHTa ABJIACTCA MOCJeqHeH, BepXHeli, CBUTOM paspesa [peE 
HMX TON, BawikupcKoro aHTHKJMHOpHA B paccMaTpHBaeMoM pawione. OF 
a TakxKe HWDKeEJI@KALHe OTJOXKCHHA KapaTaBCKOH CepHH C pe3KHM YIVJOBE 
HeCOriaCHeM HM pa3MbIBOM B 3alaqHOM Kpblule THpJIAHCKOM MyJIbAbI WepeKpply 
necuaHukKaMW OpjJlOBMKa. ( 

V3 Bpiilecka3aHHoro BbITeKaeT Culeqyroulee: 1) HawOomee MOJOAEIMH NOph 
amu pudest B TupJaHCKOM palioHe ABJIAIOTCH JOJIOMHTbI MMHbAPCKOM CBUTE 
cuararomue sfipa riyOokux CHHKJIMHaJieH; 2) MpHcyTCTBHe B STHX JOJIOMUT 
Bofopocsieli Tuna Collenia buriatica Masl. c HeCOMHeHHOCTHIO CBHJeTeIbE 
ByeT O NIPWHaexKHOCTH STUX HW HWKENOKAUINX OTOKEHHH, BIVIOTb JO 3HII 
MepaKCKHX KBaplMTOB, K KapaTaBCKOM cepHu; 3) OTJIOXKeHHA ALIMHCKOM CBUE 
B palioHe OTCYTCTBYIOT H Ha pa3JIMUHble CBHTbI KapaTaBCKOM CepHu s3avierak 
NOpoybl oploBukKa; 4) apliMHCKad CBUTa lO CBOeMy CTpaTHrpacdHyeckomy Mod 
YKCHHIO 3aHHMaeT HHTePBaJ, COOTBETCTBYIOMMH KaTaBCKOH HM HMH3epCKOM CB 
TaM KapaTaBCKoli cep 3anaHoro CKsloHa BawikupcKoro anTukaHHopya. It 
3TOM KaTaBCKOH CBHTe€ MOryT OTBeYaTb OTJIOMKCHHA HMMKHUX CJIOEB AapIHHC 


( 


YaHO-CJIAHIeBbIe OTJIOMCHUA ABATCH aAHAJIOTOM WH3epcKoH CBUTBI. 


MockoBcKHit rocyJapcTBeHHbIM YyHHBepCuTeT Iloctymuwio 
uM. M. B. Jlomonocosa 16 XII 1960 


WMTMPOBAHHAA , JIUNTEPATYPA 


1A. WY. Upauos, Tes. qoKn. Copenl. 10 yHHpuKauHH CTpaTHrpaduuecknx cxem Ypady 

Br. CBepyviopcKe B ceppasie 1956 r., JI., 1956. * B. M. Keaaep, Tp. Uucr. reon. nayip 
B. 109 (1952). 3H. H. Kp paos, O 3hayenny CTpomaTOAHTOB AIA CTpaTurpaduu nosiHA 
JOKeMOpHHCKHUX OTJOMKeHHH OKpanHE! PyccKoh muaTpopmpl, MexkyyHapowu. reow. KOHrp 
XXIceccun, Town. cop. reonoros, M., 1960. * A. WV. Onau, B. A. Pomauos, Bon 
reomopdon reom. Bamrkupuu, BamkupcKul dun. AH CCCP, Cop. 2, Yda, 1959. 5B. A. Pi 
MaHOB, Bonpocnl reomop@oviorHH Hu reosoruH Bamkupuu, BamkupcKxui dua. AH CCCI 
C6opn. 2, Yea, 1959. ‘ 
j 

{ 
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i Jloxkzaym AkayemMum HaykR cccpPe 
1961. Tom 139 Ni 4 


rEOJOrHA 


B. J. ,MBHEP 


CTPATHPPA®HA BEPXHETPHACOBDIX HU FOPCKHX OTJIOPQKEHHE 
OCTPOBOB BAPEHILEBO-KAPCKOF0 WIEJIb®A 
Ww FOPHOrO TAMMbIPA 


(I1pedemaeneno aKkademukom TI. B. Haauekutolm 27-VIAI960) | 


» B nauane 1960 r. B Vucruryte reosoruu APKTHKM 3aKOHYeHO u3y4eHHe 
erpaTurpaduu mmatpopMeHHEIXx me3030/CKHX OTJOKeHHH Sem @panua-Mo- 
eucda, Hopolt 3emiu, OCTpOBOB eHTpauibHo uactu KapceKoro Mops, CeBepHol 
3emau u Popnoro Taiipipa. Ha oTeibHbIx 9TaMax STOM padoTHl B -c6ope u 00- 
paGoTKe NoseBbIX MaTepHasOB MPHHAIH yuacTue: reosoru K. C. Arees, B. B. 
Saxapos, JI. JL. Mupomuuxos, JI. I. Mupoxuuxos, B. K. Pa3uH, MaJIeOHTO- 
noru B. VU. Bogpiiesckun, 10. H. Monon, H. UH. Ulyapruna (maxpopayna 6ec- 
‘TMOSBOHOUNBIX), B. A. Bacos, I. Il. CocunarpoBa (muxpodayna), H. A, [lBe- 
gos, H. J. Bacumesckaad (oTHeuaTKH nuctpes), UW. A. Waikuna (upeBecuHa), 
*H. M. Bouzapeuko, B. JI. Koporkesuy, M. A. Cenosa (croppl 4 IIblJIbILa), JIMTO~ 
nor 3. 3. Poukuna u ap. B mponecce paoorbl aBTop MOIb30BaJICA KOHCYJIbTAa~ 
‘Iueil HM COBeTaMH YWI.-KOPP. AH CCCP B. H. Caxca, B HacTostlen cTaTbe OCBe~ 
‘WaloTca pesysbTaTbI usyseHHA BePXHETPHACOBEIX H JOPCKUX OTMOXKeHUH. 
_ Ha 3emuie @panna-ocuta HanOosee AeTAJIbHO W3y4eHbI MOpCcKHe — Kap~ 
HulickHe HU MpHOpexKHO-KOHTHHEHTAJIDHBIC HOPHHCKO-paTcKHe U mlehacoBEle OT- 
nomena (8). MlepexppiBaroulue ux cpeqne- BePXHEIOPCKHE MOPCKHE OTJORKEHHS 
pacusleHmioTca mo dayHe Ha OT/e/IbHBIC sApycbl WH MOMbAPYCHI. 

Ha Hosoit Semme U3BeCTHO HECKOJIbKO HeOOJIbINHX KOPCHHBIX BBIXOOB: 
_YIJIHCTEIX MOpoy KOHTIOMepaTo-OpeK4HH, 3aseraloulHux C PesKHM yIJIOBbIM He~ 
“cormacveM Ha CKsiat4uaTOM rlameo30licKoM (byHaMeHTe Wi OTHOCHMbIX HaMH YyC~ 
JIOBHO K BepxHemy TpHacy — HWwKHeH ope. Cresbl Comee MOJOABIX oTmoxKeHuit 

TpeycTaBJeHbl KOHKpellMamMu (c mopeKot cbayHolt OaTa UM OTJeNbHBIX Ap yCoB 
\BepXHel 10pbl), HaXOAMMbIMH CpewH TlepsIOBUA, pexke — MeIOBMA HW SJIOBHA, 
PBIXJIbIX IOPCKO-MEJIOBbIX NOpoy HU B MOPeHaX COBPeMCHHBIX JICAHUKOB. 

Ha oTienbubix yuacTKax O-BOB OxtTa6ppcKol PeBoJI0luH, Komcomouiel, 4 
IIvonep (CepepHaa Bemis) BbIjemsioTcA sasleratoulue Ha BepXHeeBOHCKUX H 
Gonee ApeBHUX COAX MpoOmemaTHecKHe TpyOOOOJOMOUHEIe OTOMKEHHA, OT~ 

_Hocumpie aptopom u K. C. AreeBLIM 10 PAY KOCBEHHBIX JaHHBIX K BePpXHCMY’ 
_ Tpwacy — HwKHeMy Jeacy. Ha o. BompuieBuk U3BeCTHBI ClOpawWyeckUe BbI~ 
| xoj[bl MOpcKOorO K¥MepHDKa. 

B ropax BpippaHra BblyeiatoTca OHOBO3pacTHble HM3aM Me3030MCKOTO" 
_paspesa Semin @panua-Mocua BepxHeTpHacoBbie OTJIOHKeHUA, CMAraouwlHe 
- BePXHIOIO YaCTb (OKOVIO 100 m) O4eHb MOLLHOH TyoreH HO-MOsAaccOBOH (Tpvaco- 

BOHM) TOM, pasBUTON B BepXOBbAX P. @anpio-Kyma, re ona Obiwia BIlepBLIe 
onucana (B 1954 r.) MW. M. Muraem, u B 1957 r.— B. A. Uepenanosnm (°). Op- 
CKHe OTJOXKCHUA WIMPOKO pa3sBUTbI B Yerb-TalimblpcKoH Braque M Ha Tpyrux 
jlempeccHOHHBIX yuacTKax Topxoro Taiimprpa, re U3BecTHbl OTOXKeHHA BepX- 

oo neiiaca, oKcopya, KUMepHyKa M BOJKCKHX Ap YyCoB. 
Kpatkax nuTosoro-iasleoHTONOrMuecKad XapakTepHucTHKa H COMOCTaBJICHHE 
cTpaTurpapHyeckux rlolpasievleHHli BepXHeTPHAaCOBBIX MW IOPCKHX M MeJIOBBIX OT- 
12* QAT 


\ 


[ 


Cuctema 


Orgen 


Hmxupliy 


Togotgzen 


Cpequnit | Bepxunit 


Huu 


KoppeaaluonHad crpaTurpaduyeckad cxeMa BepXHeTPHacoBbl 


TpHacoBaa 


Bepxunit 


Hopuiickuh + pstckuli 


HcKHH 


oI 


Kapuu 


Bepxuuit 


Buspye- 


Tererxopdcxaa 


Bacuapesckaa CBHTa 


KOBCKaA 


CBHTa 


CBHTa 


‘ 


Semaa Ppauua Mocupa 


a 
o 


He - 


KococuoucTble NecKH, NeCYaHHKH HM KBapiuTore’ 
YaHHKH C MpOCOAMM M MWauKkaMH aJIeBpOJIMTOB, TI 
JIMTOMOpHBIX H3BECTHAKOB H KOHTIOMepaToB. OF 
JIOMKH ApeBecuHEt Xenoxylon sp., Mblwbua — xBor 
HbIX (C THraHTCKMMH opMaMH TbWIbubI Pinaceae) 
TlOMO3aMHTOB, OeHHETTHTOB, CiOpbl — OCMYHJOBBIX' 
Cheiropleura wu ap. MowHoctb 220 m 


Kococnovctble meckKH HM TMecuaHHKH, Cc MpocioaM 
aJICEBPHTHCTO-FIMHUCTHIX NMOpOd, KOHTIOMepaToB ui 
MMpHTOBBIMA KOHKpeuuaAMH. OtneuaTKu mucTbeB Ne 
calamites hoerensis, Podozamites sp. Hu o60mK 
mpepecuusl Araucariopitys sp. u Araucarioxylon sp. 
pasHooOpa3HbIM CNOPOBO-MbWIbWeBOM CMeKTP co cri 
pamu Leiotriletes, Gleichenites, Clathropteris, Chei 
ropleuria, Osmundaceae uw ap. Hu nblibyoH OenHe 
THTOBbIX, T'MHKPOBbIX, NOMOKapnycos, BpayKapheBblx 
T[PeBHHX COCHOBLIX H peOpHcTbIMH cbopMaMH IIbIJIbIy 
XBOMHLIX. Equunaupie cbopamunudepst (Ammodiscu 
sp. H ap.). Moutnocta 280 m 


AseBpOJIMTbl, MeCYAHHKH, apruamutTet c Matoni 
triassica, Azonoletes intertextus u ApyrumMu THnuY 
HO TpHaCOBbIMH (OpMaMH crop, a Take C MbIIbUOL 
O6CHHETTHTOBbIX, THHKFOBBIX H peOpHcTbIMH (cbopMaMr 
xBohubix. MoulHoctb 240 m 


ANeBpOJIMTEl] MW U3BECTHAKH C M3BECTHAKOBLIMH 
KOHKpellHAMH C cpbayHoH Sirenites senticosus, Anasi- 
renites cf. ebeli, Halobia zitteli u ap. Muxpocay:- 
Ha — Dentalina gladioides, Cristellaria hatangensis 
f. aculata, C. denticulata —Carinata, Ogmokonche 
tigjanica, O. acuta u ap., cnopbl — manopoTHuKOER 
v3 rpynubt Leiotriletes u tuna Phylloteca, nbiabnua— 
THHKPOBbIX, O@HHETTHTOB, JpeBHHX XBOMHbIX HM MO0- 
o3aMuToB. MonHoctTb 25 m 


JIOKeHMH Semi Ppanna-Mocupa, Hosoli 3emnu, Cesepnoit 3eman u Topuor 
Talimpipa MpMBOAMTCA B IIpWJlaraeMblxX KOppeJIAMMOHHBIX CXeMax (TaOl lone 
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reonoruu ApKTHKH 


Hay4Ho-ncculeqopatenbckuit MHCTHTYT 


Tlocrynuio 
22 VI 1960. 


Ta6auna 2 
(MKHEIOPCKHX OTIORKeHHHi Bapenueso-Kapckoro meubpa 


Hopaa Semana CepepHaa Semis Topupii Tafimpip | 


[ee nal 


Jlemosuli necuaHuKoB c-Tancredia 
YU3BeCTHHI cf. stubendorfii 


M3BeCTHBI 


% 

' ? 

_TlecuaHuku H PIHHHC- 

Be cuanubt c Aratca- 

liopitys sp. KOHrvIoMe- 

jaTOOPCKYHH, COMCPHA-| eee eee eee 
ive OOJIOMKH NepMCKHX ? 

weaOTHBIX NOpoy TlecuaHHkH U KOHTIJO- 
MepaTsE C MHpHTOBbIMH 
KOHKpellHAMH, oOyreHHOH 
qpepecHHoH HM oTMeuaTKa- 
MM JHCTbeB paTseliacoBoro 
o6muKa; CMHHUHAaA MbIIb- 
wa Mego30licKux OeHHeTTH- 
TOBbIX, THHKFOBbIX H XBOIi- 
npix. MogiHoctb 300 M 


AjeBpOJHTEI, NeCuaHHKH, KOH- 
rmomepaTH, pexe Typ uth c 06- }. 
JIOMKaMH OOyrvieHHOH ApeBeCHHbl 
u (B HYKHeH YaCTH CBUTbI) C OT- 
neyatkamu auctbes Neocalamites 
carcinoides, Thinfeldia sp. H 
Taeniopteris sp.  Mow{HocTb 
4000 m 


a 


- Bepxuaa MA@MOHOBA MOCBHTa 


TlecuaHuku H KOHIIOMepaTbI US 
BepXHeli vacTH HMKHe! MAMOHOBOH |, 


He u3BecTHEl CBUTbI 


IIJMTHPOBAHHAA JIATEPATYPA 


1B. 0. Du6uep, K.C. Arees, Undopm. Giomm. Hucr, reon. Apxtuxu, Ne 18 
g1960) re 1 uouep, M.A, Cenosa, Tp. Wucr, reo. Apxtukn, 65 (1959), 
Men omnonep, H. . Iyaprun a, Tp. Wuct. reon, ApKTuKn, 113 (1960); 
41 A. Wlsegos, COopx, crate no naeoHnTon. u 6uoctpaturp., Mucr, reon, ApKTHK#, 
Ne 6 (1957) 
: 
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Jlokazagn Akagemun nwayr CCCP 
1961. Tom 139, N: 4 


FEOJIOLH? 


Bb. ®. 3EPHELLKHM u J. E. MAKAPEHKO 


30HA VARIAMUSSIUM FALLAX KOROB. B TIAJIEOPFEHE 
KPbIMCKO-KAPNATCKONM OBJIACTH 


(I]pedcmaéeaexo axademuxom A. JI. flHuuneim 22 XII 160) 


Crpaturpadud maieoreHoBbix oTsowKeHui KapmatT paspadotana eme fave} 
KO HefocTaTouHoO. TaBHbiIM 3aTpyAHeHHeM B yCTaHOBJIeHHM BOspacTa TeX WJIF 
HHbIX IaJIeOreHOBbIX, OOpa3s0BaHHl KapmaT sABJIAeTCA peKOCTb HaxomwKeHHs 
(laeCOHTOJIOrHYeCKUX OCTATKOB. STO MpHBeJIO K TOMY, 4TO JIMTOMOrMYeCKH M0: 
NoOubIe, HO CTpaTHrpapvyecKH PpasJIMUHbIe HWKHETPeTHYHbIe OTIOKeHUA Ud 
pasHbIx paiionop Kapnar uacTo MpMHuMaioTcA 3a OfHOBOSpacTHble. Hanpumep | 
jiaBHO U3BeCTHOe B uTepatype (°, 4) MecTOHaxXOxKJeHHe (PayHbl MOJIWIOCKOB B OK- 
pectuocTu c. Y2xoK BesmKo-Bepesuunckoro paiona onlM604HO C4uMTaeTCA HWK4 
HeOJIMTONWCHOBBIM HM BMelalolive sTy PayHy MOpoOsbl ComocTaBssAIOTCA C OTJO- 
2KCHHAMM MeHHJIMTOBOH CepHu CKMOoBOM soHBI Kapmar. 

Jletom 1960 r. Hamu coOpaHa HeOoJIbWIad, HO HHTepeCHad KOJVICKIMA TeK-| 
TeCHOB H3 TEMHBIX CJIAHWeBATHIX MepreseH c. YxxoK B Kapnatax, a TakxKe 43 Mep | 
rejei TeMHO-ceporo IpeTa OfHO U3 CKBaxKHH TapXaHKyTCKoro NoulyocTpoBa 
Kppima. Kak BbIACHHJIOCb, STH MeKTeHbI MpHHalwexKaT Bugy Variamussium| 
fallax Korob., oOpasyroulemy cTpaTurpaduyecku BbIJepKaHHyIO 30Hy. 

Bnepspie 30Ha Variamussium fallax Korob. Onima ycTaHopmena VW. A. Ko- 
poOKoBbim (*) Ha CepepHom Kapka3e. 3yecb oHa BeHYaeT paspes BepXHeEsOrIe-| 
HOBBIX OTJIOKeHHH. K oOmMpHOMy perHoHy pacmpocTpaHesua Variamussium 
fallax Korob., oxBaTpiBaioulemMy CeBepHpii Kapka3, 3akapka3pe, Manrpiuisak| 
u Cpefuroro Asmio (?), Temepb cylelyeT mpHOaBuTb ene Kppim u Kapmarsl. 

B c. Yxok dbayHa Variamussium oOnapyxKena Ha eBOM Gepery peku YX, 
HallpOTHB WepKBH, B 50 M BOCTOUHee MOCTa, NO KOTOpoMy MpoxofUT Jopora B 
c. Tycne. OctaTku (bayHbl HaxossaTca B mpocmoe (15 cm) TemHo-ceporo cmolu-} 
cToro Mepreja. Bcero QoOniTo JecaTb 9K3eMnApoB Variamussium fallax Ko- 
rob., CpeqH KOTOpbIX MpeoOnanaioT cbparMentapHble OTMeWaTKH JIeBLIX H T1pa-} 
BbIX CTBOPOK (puc. 1). Copmectuo c Variamussium fallax Korob. uacto scrpe- | 
yaeTcaA KpylHas veutys Lyrolepis caucasica Rom., a u3peka TakxKe paKOBMHEl | 
Corbula (?) sp. 

IlonyTHO OCTaHOBUMCA Ha yCOBHAX 3auleraHHA JOLeHOBbIX OTJOKeHHH B | 
paiioue c. YxKOK, CJleyA BHH3 M0 TeYeHHIO peKu. 

Ha toro-3anaqHol Okpanue cea B pyce p. YK MoxKHO Ha6wogaTb 80-mer- | 
PpOBY10 MauKy YepeYIONIMXCA APFHJUTOB, aJleBpOJIMTOB M MepreweH. Sta nau- | 
Ka 3a%KaTa B TOJIML€ MACCHBHBIX CBETJIO-CepbIX, CHJIbHO CJIOMCTHIX MeCUaHHKOB. | 
APprHJUIMTbL HM asleBPOJIMTbl TeMHO-Ceporo UBeTa, CHJIbHO MepeMaTule, y3JIOBa- 
THe, BMelaloT Ooraty1o dayHy nNeserunogx u racTponog. Odsrno mpeobaLaroT 
Apa M OTMedaTKM PaKOBMH, XOTA U3pe{Ka BCTPeualoTCA M WeJbIe 9KSeEMMVIAPEI. 

Yaalocb onpesemuTb Cerithium margaritaceum Brocchi var. calcaratum 
Grat., C. margaritaceum Brocchi var. moniliforme Grat., C. plicatum var. 
multinodosum Brug., Turritella imbricataria Lamk. var. carinifera Desh.. 
Cyrena cf. roborata Desh., Meretrix (Cardiopsis) incrassata Sow., Cardita Spy 
Nucula sp. indet., Pholadomya sp. indet., Ostrea sp. indet. Sra (payHa yKa- 
SbIBaeT Ha BEPXHE9OLNCHOBbIH BO3PAaCT BMeIaIOUUX ee NOpoy. OTMeTHM, 4TO M10 
BHJOBOMy COCTaBy IlepHTOB OHA OYeHb HaNOMHHaeT mpHaoncKyi0. 
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PSAs 


: 
i 


MIWIApbl: J — ipa- 


3 —orTneuaTOK HapyKHOM CKyJIbMTyPbl IeBOH CTBOPKH; 
e 39K3eMMuIApbl: 5, 7 — JleBble CTBOPKH; 6— 


aad Ha mpaBylo. 4X 


b. B BepxHem pay — KapmaTCKHe 9K3e 


Puc. 1 — Variamussium fallax Koro 
pad CTBOpKa; 2 — Jlepad CTBOPKa; 


4 — jnepaa cTpopka. B HWxKHeM pany — KPbIMCKH 
ylepad CTBOPKa, HaJloxeHH 


LAH, tT. 139, Ne 4, Sepnenkul uw MakapeHKo 


B onucanvot Tome uspesKa BcTpevalorcH 9K 30THUECKHE FJIbIObI HM BaJLyHbI 
[eHb KPerkKHXx, HIOTHBIX, KOHTVIOMepaTOBUAHbIX M3BECTHAKOB TeMHO-Cceporo 
seta C HYMMYJIMTAMM M OOJOMKAMHM PaKOBHH mositocKoB. Ilo HasIMuHIO B HUX 
ummulites' partschi de la Harpe, N. globulus Leym., N. murchisoni Rut., 
iscocyclina sella (d’Arch.), Assilina sp., Operculina sp., ycTaHoBuleH HX CpeA- 
es0nenoBbi BospacT. MoxkHo MpeAMOsOxKHTb, YTO H3BeCTHAKH ObIWIH Tepe- 
TIOKeHLI BOIMSH GeperoBol JIMHMM B TepHoy (popMUpoBaHuA MecdaHO-TviMHH- 
Toh TOMA C BepXHe90LeHOBOH (payHOH MOJIJIIOCKOB 
Hwxe mo TeveHnvio peKH B aprMJiMTOBOH mauKe BCTpedaroTcsA MaJIOMOMLHbIe 
poco TemHo-ceporo MeprediA, v3lalomlero pH yAape MOJIOTKOM XapakTeP- 
pili ganax OuTyma. K ofHomy M3 TAKUX mpocsoes H ipHypoweHa tpayHa Varia- 
nussium fallax Korob. 
Jlanee cnemyioT TeMHEIe C OXPHCTBIM HajleTOM TOHKOJIMCTOBAaTbIC CHJIbHO 
fepeMATHIe CJaHItbl 6e3 (payHb!, HamomMMHaioulHe MeHMJIMTOBBIE. 
Tlo-BuuMomy, OTJIOxKeHHA C. YxKoK Cc ayHOl MOJIVIOCKOB COOTBETCTBYIOT 
WepresMcTbM CilaHiam ypounula PyuiKaHuu, KOTOpoe HaxO{HTCA CeBepo-3a- 
es c. Yoox. Corsacuo Jannbi M. Baueka (*) nu K. Byaunka (4), oTNO#Ke- 
‘¢ PumKannu cojepxatT OoraTy10 tbayHy pbio, (popamunudep, Opaxnonol H 
MommiockoB. ITa dayHa B CBOE BpeMA M3y4aslacb KpamOeprepom, KeneHoM, 
Onnenrefimom, AHApycoBbim H JpyruMu TMasleoHTOJOraMu, KOTOpbIe cuuTaJIn 
ge BepxHeSOIeHOBOH. 
_ OrHocuTesbHO Bo3pacTHOM NpHHaexkKHOCTH CBeTAO-CepbIX CJIOAUCTbIX MaCc- 
CHBHLIX NasleOHTOJIOTHYeCKM HeMbIX MecdaHHKoB (asumyT mafleHua 235°, f 4d’), 
OMCTHAIONIMX HM MOKPbIBalOUIMx NayKy APTHJIMTOB, ae BPOJIMTOB Mi Mepreviert 
ie ayHo B Cc. YOK, MOMHO TOKO CKa3aTb, YTO OHM Pa3sHOBO3pacrTHEle. Ilo 
Bceli BEpOATHOCTH, NOACTHAIONMe COOTBETCTBYIOT CpeHeMy HM HWKHEMYy 9OLC- 
‘Hy, a mepeKppbiBaloulHe — ouvIMroueHy. 
 B Kppimy Variamussium fallax Korob. (puc. 1) o6HapyKeH B IIOTHOM Mep- 
‘Tene TemHoro M CBeTIO-Ceporo wpeta. Mepresib BCKpbIT ckpakunon Ne 27-K Ha 
| PojuakoBcKoni pasBeouHon MM1oulaiA (TapxaHKyTCkKH TOJTyOCTpoB) B HHTep- 
pane 104-136 m. Bcero HaligeHo 3fecb “eTHIpe 9K3eEMIIAPa MpaBbIX WM JICBbIx 
eTBOpOK WM CparMeHTapHbIX OTHCHATKOB. 

B mMaccoBoM KosIMuecTBe B Mepresie BCTpedactca yenyaA pblO HM MuKpo*payHa. 
E. A. Kpaepa onpeseiuna orciora cyleLyIOulH KOMILIeKC (popamunuiep: Bo- 

_livina quasiplicata Subb., Globorotalia lensiformis Subb., Bulimina mitgar- 
ziana Balachm., Acarinina. pseudotopilensis Subb., A. rotundimarginata 
-Subb., Globigerinella micra (Coll.), Gl. Voluta White, Globigerina pseudo- 
eocena Subb., var. compacta Subb. Bru topMbl BCTpeyaioTcA Kak B BepXHe- 
“3011CHOBBIX, TAK H B CpeHes0IeHOBbIXx OTIOMKCHUAX. 

CnemyeT nipesnowaratTb, YTO Variamussium fallax Korob. co BpeMeHeM 6y- 
jer waiijlen u B Apyrux pakouax KppimcKoro movlyocTpoBa, a TakaKe Ha tore 
YCCP p IpuuepHomopckon Brianne. 3yauenve Haxosok Variamussium fallax 
Korob. Kak pykoBojsmlet popMbl ANA Bep XHe3OIMCHOBBIX oTmoxwKeHul TpyAHO 
TlepeOlleHHTb. YculoBuA cyllecTBOBAHHA Variamussium fallax Korob., Kak 
BHJHO MO BMellalolleH ero MOpose, 6uinu cxomubie. [lostomy HOBbIe AaHHbIe O 

_ reorpaduseckoM pacmpocTpaHeHun gro dopMbl MOryT ObITb C yCiexOM YiCTIOJIb- 
30paHbI KaK JIA COMOCTAaBJeEHUA aeKO OTCTOALLMUX pa3pe3oB, Tak M JIA MaJleo- 
reorpaduyeckux peKOHCTpyKUMH. 


VuerutyT reosornueckux HayK Toctrymui0 
Axanemun nayk YCCP 11 XII 1960 


IJATHPOBAHHAA JIUTEPATYPA 
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ustalt, 31, Wien, 1881. * K Wojcik, Rosprawy Wydz. mat.-przyr. Ak. Um., ser. III, 
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bd 


954 


Jloxxaym Akanemun ‘Hayxk CCCP 
1961. Tom 139, Ne 4 


M. A. MJIOTHHKOB 


MAPKMPYIOWJME «MPOBJIEMATHKM» W3 TATAPCKMX OTJIO)KEHME 
pp. ME3EHH VW BALIKH . 


(I1pedcmaeneno axademuxom H. M. Cmpaxoeoim 17 III 1961) 


Ilpu feraibHbix uccmeqoBaHvaAx TaTapCKHX OTMOKeHHH, BBUAy Mao 3(p- 
(DeKTHBHOCTH IIPHM€HCHHA B HAX MO HacTOAIee BPeEMA MaseOHTOMOFMYeCKOrO U 
MMHepaJIOrM4ecKOrO MeTOOB KOPpeJIAWHH, WIMPOKO HCMOJb3yeTCH MeTOX BH- 
3YaJIbHOrO MIpoCJexKUBAaHHA WH YBA3KH HX NO MAKPOJIMTOMOPM4eCKMM IIpH3Ha- 
KaM. QTOT cmoco6 aeT YOBJIETBOPHTeJIbHbIe Pe3YJIbTATbI IPH CpaBHUTeMbHO 
xopomleH OOHaxKeHHOCTH; HeJOCTATOUHOCTh TocseqHeH CHJIbHO UX CHHKAaeT. 
Oco6oe 3HaveHHe MpHOOpeTaloT Tora MMaCTbl OTMOKeHHM C KAKMMH-JIMOO pe3- 
KO BbIpayKeCHHbIMH OCOOCHHOCTAMM — MapKHpyloulHe TM1acrHl. 

TaTapcKve KpaCHOUBeTbl HWKHEerO Teyenua pp. Mesenu u Baik MW UX IIpH- 
TOKOB OOHAK CHbI CPaBHUTebHO Hemioxo. Mx pa3spesbi no pp. BamxKe u Mesenn, 
HWDKe BIaeHHA B Hee MepBOU, PacnO/JIOKeHbI B HaNpaBJIeHHH, OIM3KOM K IIpo- 
CTHpaHulo STUX OTOwKeHHK. Tlostomy ux JMTONOFO-PalMaJbHbId Xap akTep O- 
BOJIbHO BbIJep%KaH, YTO COMCHCTBYeT YCNEWWHOMY NpocwexKNBaHHIO. OfHaKO B 
culyuaaxX OOJEWIMX Pa3pbIBOB Mex]ly COHaKeHHAMH YBepeHHaA yBA3Ka UX 3a- 
TpYAHHAeTCH. Secb OoJILIWYy!O NOMCHIb OKa3bIBaeT HAONIOMalOULMHCA B HUX Map- 
KMPyIOWMi MWacT NeIHTOMMTA C OPHIHHaJbHbIMM NpoOsemMaTHYecKHMH COpa- 
3OBaHHAMH, ONMCbIBACMBIMH HEDKe, | 

Mapkupyroulwi miacT mpHypoweH K mauke MepeciauBatouluxca (6e3 sAc- 
HbIX TpaHHI) MepresieH M Me€MTOMHTOB, pacnoOxKeHHOM cTpaTurpaduueckH © 
HEMHOFO HWKe CepeHHbI paspesa HUCOropcKHXx csoeB A. JI. SexKena, Meprenu 
2%KeJITOBATO-Oypble; HHYeM MIpHMeyaTeJIbHbIM OHH He XapakTepu3yioTca. Ilenn- 
TOJIMTbI TEMHOFO KpaCHOBaTO-Oyporo WBeTa, OHH MpOHH3aHbI OOWJIbHbIMH TOH- 
KMMM H3BUJIMCTHIMM NopamH. B HenocpexCTBeHHOM OM30CTH K NOCJeLHUM UBeT 
NOposbl W3MeHEH B TOJIyOOBaTO-3eIeHOBAaTO-cBeTO-cepblH. B pe3yabTaTe Ha 
paspe3ax MvacTOB B OOHAKeHHAX Ha ChOHe OCHOBHOM OKpackH HaOslofaeTca 
PHCyHOK TOHKUX MIpHuyVJIMBO U3BHJIMCTLIX 3aTeCKOB yKa3aHHOrO UBeTa. Bsaro- 
apA MM IWaCTbl Ha BbIBETPeJIbIX MOBEPXHOCTAX B CyxylO MOro,y MMeIOT rowy- 
OoBaTo-Oeylecbli OTTEHOK, HW UX JerKO y3HaTb axe usfamu. CKa3aTb yBepeHHO 
4TO-JIHOO O IpHpose STHX NOp He MpeAcTaBsAeTCA BOSMOX*KHIM. HuKakod CKyJbM- 
TYpbl Ha HX CTeHKAaX He HaOMOJalocb. KaxkeTCAH BepOATHOM MBICJIb O pacTH- 
TeJIbHOM (BOJOPOCJeBOM) UX Mpoucxoxenuu. IIpu Takom onyueHuu mosyya- 
€T HeKOTOpoe OObACHeEHHE M WBeT 3aTEKOB, €FO MOMKHO CUHTATb pe3yJIbTaTOM 
M3MCHCHHA OKHCHBIX COCMHEHHM 2Kele3a B 3aKHCHbIe. ITO MOrO MpOH30KTH 
NO], BO3J€HCTBHEM OpraHHuecKHX KHCJIOT, OOpas0BaBLIMXCA 3a CueT OpraHHue- 
cKoroO BellecTBa, OblBLero Ha MeCTe TOp. 

B nesMTouMTax OBOAbHO MHOFO KapOOHAaTHBIX KOHKpellu, BeMYMHOM mpe- 
MMYIeCTBeHHO B 3—4 CM, HeMpaBHJIbHOM, wKeNBakoOOpasHo (bopMbl. 

B muacte neiuTOAMTa H¥30B Na4ykKM UM BCTPeyaloTcA yuacTKH yMOMAHYTEIX 
MaPKMPpylOWlNxX «npoOMeMaTHK», HMeloulHe DMHy Zo 50 M Mp MoOLHOCTH fo 
| M WIM HemHoro Ooubme. Bepxuaa rpanuiia ux acHaa uM npamas. Oomee mpen- 
cTaBsieHHe O HMX JaeT puc. |, 

B yuacTkax c mpoOjemaTHKamu Tpexje Bcero OOpamaroT Ha ceOa BHUMaHHe 
KOHYCOBHAHBIC B Pa3spese, BePIIMHAaMM BBepX, COOpy2xKeHuA. OHH CJIO*KeHbI H3- 


952 


; 


\CTKOBHCTO-OJIOMHTOBLIMH CTOJIOUKaMH, BeepooOpasHo PacxOMAIMMMUCHA KHH-- 
] HW pa3sbe\MHeHHBIMH MexKjly CoOoI0 KpacHOBaTo-OypbIM M3BeCTKOBHCTO-f0~ 
JMUTOBLIM TIVIOTHLIM, 6e3 nop, Meprestem (puc. | H 2). CrojOMKH HMeIT Herpa- 
abHY!0 POpMy: OHH pasJIMUHO H3OPHYTHI B MpOOJIbHOM HallpaBJeHHH, 10-pa3— 
OMy HeMpaBHJIbHbI B MONepedHOM CeyeHHH. Ux zanna usmepsetca 2—3 pe- 
aTKaMH CaHTUMeTpos, AHametp 1—3 cm. Wnorga OHM Kak Obl cpacTaroTca— 
pra jiMaMeTp cCTOJOHKOB 3Ha¥4HTebHO YyBeM4MBaeTCA. B_ BbIBeTpeJIOM- 
| sage! IIpH yiape, crouOuKH pactafatorcA NonepedHO Ha PAA KyCOUKOB: 
o 3—4 co. 


Puc. 1. OOmuit BU yuacTKa c «mpoOmemaTHKaMi» 1 20 


Ha npuuimboskax M B WWIMpax BUHO, ITO CTOJIOGHKH COCTOAT M3 CBeTJIO- 
‘ceporo, HHOrla c OypoOBaTbIM OTTEHKOM, TlemHTOMOpdHoro KapOoHaTa, MeCTaMH. 
i¢ TOHKMMM TomepeyHbIMH CepbIMH TIeIMTOBLIMH TpocsowKaMu. Kap6onaTupli 
(MaTepvan pa3OuT TpelllMHaMH, UMeeT BTOPHYHY!0 OpekuneBusHylo CTpyKTypy 
‘HM HepeKO HelIpaBHJIbHO-MuacTHHaaTy!O TEKCTYPY. BeposTuo, Tako TeKcTypou 
MM MeNHTOBLIMM Mpocsoikamu OOyCJOBMBaeTCA yKAasaHHOe pacnajenve CTO.I- 
‘OMKOB MIpu y/lape. 

Kap6ouaTHoe BelllecTBO CTONOMKOB COsepAKUT HeOOJbIlyIo TeppHreHHylO- 
mpumecb. IcammuTosbie KBaplleBbie YaCTHIlbl peAKu, aJsleBpHTOBbIe — 6os1ee 
‘uacTel. B mimmcax B OOJIbIIOM KOuIMYeCTBE BUHL TleIMTOBO-KapOoHaTHble OOpa- 
30BaHHA OKpyrvIbIX o¥epTaHHi, pemnunHon 0,05—1,0 mm. 

KpacHopato-Oypbiit KPHMTOSepHUCTHIM Mepreib, HaXxOMAMMicA MexwKAy CTOMJI- 
OuKamu-npoOmeMaTHKaMu, peskO OTNM4AeTCA OT HHX 3HAUUTeJIbHBIM KOJIMUe- 
CTBOM OYypbIX OKHCJIOB, KOTOpbIe OOyCJOBMBaIOT eFO OKPacky, 3Ha4HTeJIbHEIM 
KOJIMUeCCTBOM TICAMMHUTOBLIX KBapI[eBbIX WACTHI, pH MasloM CcosepxKaHHy aJIeB- 
PHTOBLIX H MOUTH MOMHbIM OTCYTCTBHeM YIOMAHYTHIX OKp yIvibIx o6pa30BaHHi. 

Xumuueckuil HM MexaHMuecKUi aHaJM3bI MpoOeMaTHK H BMellarolllero Mep- 
Teiq moKa3aiu celyouee (TAG. | u yA b 
° , Ta6auna 1 


J Xummyeckuli cocTaB «mpo6JieMaTHK» M BMematoulero MepredA (B MpoueHTax ) 


| 

| CaO MgO HeO R,O, |Ti.n.n.| H.o. | Cymma 
| 

| 


100,0 


20, 76s has 205). 0; 1654 4 
4| 100,0 


Cron6uK-mpoOsmemaTHka 1,6 
tet ede O14 13,0 


Bmeularomivi MepreJib 


PesyibTaTbl aHaJiW30B, Kak BHAHM, MOATBEp2KLaloT CKa3aHHOe BBILIe. 
Tlepexoaa K Bonpocy 0 mpoucxorwKeHHH MpoO/eMaTHK, OTMETHM, 4TO IIPH- 
3HAKOB, HECOMHEHHO TOBOPALIMX O 6MOreHHOM HX OOpas0BaHHH, HaOsIO{aTb He 
-yaanoc. B. Il. Mac.ios, mpocmoTpesiuuit WisHpbl U3 HUX, CHMTAeT, YTO OKPyT- 
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ible KapOoHaTHble OOpas0BaHHA ABJIAIOTCA KOMpOMMTaMu YyepBeH. Ec ¢ 9TH 

COriacCHTbcA, TO OMMCaAHHbIC COOP Y2KCHUA MOXHO CUHTATb pesyJIbTaTOM MX Wer 

TeJIbBHOCTH. Ho 3TO efBa JIM Tak; OTCYTCTBHE B IiJlaCTe XOJOB yepBelt rOBOpH 
Ta6Oauna Z 


[panysomMeTpnueckul cocTaB «mpoOsleMaTHK» HM BMellatollero Mepresa 
(B MpoueuTax) 


TpanynomerpuseckHH | 9 55 9.4 wm | 0,4—0,05 mom | 0,05—0,01 mm|0,01—0,001 mm] Cymma 
Cro6uk-npo6slemMaTHka Dh S339) AAT. 10,34 85,64 100,90 
Bmeularoluuit MepreJib 92 1z9G 3,97 86,09 100,0 


TIpOTHB TaKOTO JOMyWeHuA. OKpyTvible Ke TeJIbIa HAaNOMHHAIOT KOMOUKH, OOA- 
3aHHbI€ CBOHM OOpa3s0BaHHeM MHKPOCKOMNHMYeCKHM BOJOPOCJAM. 7 
XapakTep BepXHeli rpaHUIlbl y4YaCTKOB C MpoOseMaTHKaMH HM pesKad pasHula 
B BellecTBe HX H MpOMeKYTKOB MexKIy HAMM — NIpH¥3HakH NepBuaHble. Onn 
POBOPAT OO OTJOXKEHHM CTOJIb pasJIM4HOrO OCALOUHOFO MaTepHasla OLHOBpeMer- | 
HO, paBHOMepHO H OGocob6eHHO. Epa JIM 9TO MOrIO MpOW30MTH XeMOreHHO- 
MeXaHH4eCKHM NlyTeM. B 9sToM CJlyuae TpyAHO MpeACTaBUTb YcJIOBMA MW NPMUHHbI’ 


i) 


Puc. 2. Bepxuas yactb KoHycopuqHoro COOpy2KeHHA; BHZHbI CTOJOHKH, wacCTHUHO 
cpocmmveca, Hx TexcTypa 4:5 


HaOMO0RaeMOro pa3MeeHUA KapOoHaTHOrO H TeppHreHHOrO MaTepHavia. CTouI- 
OuaTyio (opMy mpo6slemaTHK, KOHYCOBHAHO-INTOKOBOe ux pacnoulomeHve 
Tpoule NOHAT KaK Pe3yJbTaT LeHCTBUA ONOXeMOFeHHbIX (baKTOPOB, KaK pe3yulb- 
TaT BSauMOAeHCTBUA OpPraHHsMa M Cpelbl. OTMeyeHHad PpaBHOMePHOCTb OJHO- 
BPEMCHHOTO, OGOCOONEHHOTO HaKOMMeHUA pasHOXapakTepHOrO MaTepHasa He 
TIPOTHBOPCHHT JaHHbIM O CKOPOCTH HaKOIMJIeHUA TeppHTeHHEIX OCaKOB HU OBICT- 
pote pocTa OuOrepM B COBPeMeHHEIX OOWIMPHEIX O3ePHBIX BOLOeMaX. 
BuorenHpmm daxtopom, MIpaBIUHM POJlb BelyWlero HMMYyJIbca pH o6paso- 
BaHHH KapOOHaTHOrO BelllecTBa Npo6seMaTHK, Npe€AMOORKUTEIbHO MOFIM ObITb 
MUKPOCKONMYeCKHe BOLOpocM, OakTepuu. Xemorenubili (bakTOp JONOHAJ H 


yCH.1MBall WeicTBue GuoreHHoOro. Cpeya 6biia HacbimeHa KapOOHaTHBIMH COJIAMH. 
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TO *#Ke BPeMA B Hee MOcTyMau 3HAUHTeJIbHBIE KOM4eCTBAa TeppHreHHoro, oco- 
‘OBUAX HUSIIHEe OpraHH3Mbl (MH- 


HO TleIMTOBOTO, MaTepHaia. Ilpu Takux ye 
yocKorMuecKHe BOJOPOCJN, 6akTepHH) pH pasMellleHun Ha 6ouIbIMOM MO1La- 
| MOrJIM ObITb slerkKo MorpeGeHbl 9THM MaTepHaJiOM H noru6HyTb. OHH MOF 
smeminee CONpOTHBATECA STOMY IPH YyCJOBUY cocpesoToueHus OopbOsl Ha 
“paHHYeHHBIX yUacTKax. Fro obecrexuBaso ObI Goslee ObICTpoe HakoreHue Ha 
gcIeHUX MpOykTa 2XU3HeeATebHOCTH opraHu3MoB — KapOoHaTHOrO Ma- 
ppvayia — H MeHbIIy!O BO3MOXKHOCTb 3aXxOpoHeHHA HX MOCTYMAaBUIMM TePPH- 
sHHbIM MaTepHasiom. boppOa ¢ HMM o6ycOBIMBasa TIpeMMylllecTBeHHOS Hapa- 
ranue KapOoHaTHOrO MaTepHala BBEPX C co3iaHvem cTo6000pasHbix, KOHYCO- 
6pasHbIx CTpyKTyPHO-TeKCTyPHbIX tbopM lpoOJleMaTHK. IlpuHocHBUIMicA me- 
WTOBIM MaTepHad OTMAarasicA MEKLY cTOMOUKaMU, BCe BPeMA YCKOPAA UX pocr. 

PaccmoTpeHHble mpodseMaTHKH HaOmoMaoTcA clopakuuecKH Ha 3HadUTeJb- 
{OM lIpocTpaHcTBe — OT A. Tlpiembt 20 Jl. Ko3pmoroposcKoi 110 Pp. Me3eHu 4 
10 p. Bamixe oT 2. Oxembi Jo ycTba, T. €. Ha IpoTAKeHHH oKxosio 160 KM — BCIO- 
ly, Te pasBHTb COOTBETCTBYIOIIME oTmoxKeHus. XOpowMMM MyHKTAaMM JIA Ha- 
SMIONCHUA MX ABJIAIOTCA: OCUeBHUK B HHAKHEM KOHUe OOHAKEHUA Ha eBOM Oe- 
ery p. Baku, B 3 KM HWKe Jl. OuleMbl; OOHaKeHME Ha JCBOM Gepery p. Mesenu 
ya. b. Hucoropsl, Ha BbICOTe 35 M OT ype3a Bob; OOHaKeHMe Ha 1paBom Oepe- 
ry p. Mesenu Hwxe J. Kecuiombl, re TIpocioH poOjemaTHKaMu WAeT Ha BbI- 
cote oKosio 15 M of ype3a BO/BI; oOHakeHve Ha mpaBom Oepery Pp. Me3eHv Me- 
may ga. IIbinemou v4 CmovieHileM. 

Hamu MapKupyloulmi miacT C paccMOTpeHHbIM 
g0BaH IIpH MpociexKuBaHUH, yBASKe H JIpOOHOM 
HeHHM TaTapCKUX OTJOXMKeHM HWKHCTO TeueHHA pp. 


A TpoOseMaTHKaMH HCTOJIb- 
cTpaturpaduyeckoM pacdie- 
Me3enu u BalliKu. 


Viucrutyt reosoruu Tocrynu10 
Koma busanana AKxajemu HayK ECG 95 II 1961 


WMTMPOBAHHAA JIMTEPATYPA 


1g. 7. 3exkeabs, Tp. Ces. reon. ynp., B. 3 (1939). 


oxraaner Akagemun nayr CCCP 
1961. Tom 139, Ne 4 


[EOJIOFH Ai 


B. HW. WEBYEHKO 


®AMEHCKHE OTJIOKEHUS CTAJIMHTPAJICKOM OBJIACTH 


(ITpedcmaeaeno axademuxom J. B. Haauexunem 23 I 1961) 


aprHvJIMTaMH, NeCuaHHKaMH HM Jpyrumu MOpoaMu, B KOTOPHIX cofepxKuTcA 
(bayHa Opaxuonog, OCTpakox, tbopamuuudep, nenenunox u Ap. Orxppirue Bo 
(baMeHCKUX OTO*KeHUAX OONACTH HePTerasoBbIxX MecTOpoxeHHit Hu OCcOobeHHO 
MOHCKU HOBbIX TpeOyloT paBusbHOrO CTpaTurpaduyeckoro pacuenenun u 
KOPpeJIANMH paspesos. i 

Ha uccnenyemoit TeppHTOpHH dameHcKHe OTOMKeHUA BCKPHITbI MHOTMMH 
CKBaxKMHaMH. I nyOuHa sayieraHug, a TaKxe MOULHOCTb UX, KaK BUHO 43 Tabu. 1, 
pe3KO H3MeHSIOTCA. 


Ta6auna 1 

Pay6. 3a- | Mon, ee ak Mowun. 

TED. Ki - i. z 
Haumenopanne nuomazeti es Samcie Paver, Haumenopanue naomarett inca Payer 

ae co apyca, mM ee OTs apyca, M 
¥ pion“ucK 100 — TapacopeKkaa 2190—2240] 520 
Ycrp-By3yayKekan 110 — Menospatckaa 1920—1940} 430 
A6pamosckaa 860—1000/270—400 JlememkuucKan 1770—1795] 400 
MBanosckaa 1000—1200] 375 Klenospcekaa 1630—1700} 370—385 
SuMoBcKaa 1190—1280} 460 Hoso-K y6auckaa 1670—1730] 370—390 
Bepxosckaa 1130—1190|/310—370 )KupHoscKo-Baxmerbepe 
Apuequno-Ianuxexaa 1170—1340]470—530 cKaa 1225—1790| 500—530 
Mupoupyesckag 1000—1050} 380 JIuuesckaa 1470—1525| 640—680 
Ulnaxosckaa 1360—1400} 500 Mapunosckaa 2795 = 
Cesepo-Jlopoxkunckan 1790—1950/430—480 


PaccmatpuBaemble ornomenna TONpasneimMorca Ha HWKHedpamenckue (3a- 
AOHCKO-CleUKHH TOpHsoHT) u BepxHeamencKve (aHKOBO-sleOenAHCKHM ro- 
pusouT). Hwxuaa rpannua aApyca OTOMBaeTCH BeCbMa YeTKO KaK 110 (payue, 
Tak M JMTONOPMYeCKH, a COOTBETCTBEHHO 1 10 SIEKTPOKApOTaxKHOH XapakTepu- 
cTuke. B ocnopannn HCCJICNYCMBIX OTJIOMKeHUH 3aeraeT mauKa aprHJIJIMTOB WIM 
M€CYaHHKOB C Tpocoem KOHTJIOMEpaTOBHHOTO W3BeCTHAKA, KOTOpyto MOJCTH- 
JakOT KapOoHaTHBIe mMoposp (pauckoro spyca. 

Bepxuecbpauckue OTJIOAKECHUA XapakTepusyioTca (bayHoh Teogocuit, arpu-— 


PRIMM M3BeCTHAKaMH c KaMCHHOYTOIbHOH (bayHoli Opaxuonog: Schucherteila 
Planiuscula (Sem. et Moell.), Plicatifera cf. fallax (Pand.), Camarotoechia 
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; 


mderi (Sem. et Moell.), Spirifer cf. trapezoidalis Krest., Athyris vogdti 
setz, Ambocoelia urei Flem. ™ Ap. 

B npenenax CrammurpaycKou OOacTH pacCMaTpHBaeMble OTJOKCHAA JHTO- 
yruueckH u3MeHUMBEI. B cBai3M C 9THM BbIeMAOTCA TPH Tuma pa3spe3soB: 
| KapOonaTHbli (KupHOBCK, Jimneso, Knenoska u Ap.); 2) KapOoHaTHO-riMHH- 
mii (Kopo6kn, Cesepo-JlopoxwkkuHcKas), 3) KapOoHaTHO-mecuaHbIit (Apuena, 
umosckas, BepxoscKas, [naxosckaa 4 p.). 
Saroncko-eneiKun TopusoHT ycTaHaBIMBaeTcA Ha OC- 
opaHHM dayHb! Opaxvonox U OCcTpPaKOL. Tpanuna Mexky 3a0HCKO-eJIelKAMU 
JaHKOBO-JIeOC4AHCKUMM OTOKEHHAMH MPOBOAMTCH (1) B 3HadHTeJIbHOK CTe- 
HH yCJIOBHO M10 CMeHE JIMTOJIOPHH, a TAKAKC TO cMeHe OJHOFO KOMIIIeKCa OCTpa- 
Of Apyrum. BosputvHcTBo OCTpakoA BiepBble onucanpt M. A. Heaaesol u3 
TUX OTJIOKCHMH. 

B nactosiee BpeMA NOJyYeHbI AaHHEIC, CBUeTeJIbCTByOULHe O TOM, UTO 
epXHAA Tpawulla 3aOHCKO-eNelKUX OTIOKeHMM 3aBbIeHa. SHAYMTeJIbHO HH- 
Ke ypOBHA, Ha KOTOPOM oTOHTa 9Ta TpaHulla, BCTPeveHbl Cyrtospirifer lebe- 
lianicus Nal., C. postarchiaci Nal. 

B nanuKcKoi cKpaxkune Ne 78 OHM BCTpedyeHbl B W3BeCTHAKAX Ha riyOuHe 
(5131546 Mm, Torfa Kak rpaHulla MexKLy 3aOHCKO-eJIeEIKHMH Hi J\AaHKOBO- 
qeOeAHCKUMM OTJIOMKCHHAMH M10 JaHHOl CKBaKHHE MpoBOsuTcA Ha rayOuHe 
1875 m. Ha 3umoscKol Mouwlann Cyrtospirifer lebedianicus Nal. u Cyrtospi- 
tifer postarchiaci Nal. BcTpeueHbl B cxpakune Ne 20 (ray6una 1352—1358 M; 
1467—1473 m), B CKBaKHHE No 13 (1418—1425 m), B CKBaxKMHE Ne 8 (1396— 
1409 m), a TakxKe B Apyrux CKBaxKUHAX TIpHMepHo Ha 100—150 mM HMxKe TOFO 
YpOBHA, Ha KOTOpOM OTOUBACTCA BEPXHAA Ppawulla SaLOHCKO-CNEMKUX OTJOZKC- 
nuit. Ha Cepepo-Jlopoxkunckol mulomlain Cyrtospirifer lebedianicus Nal. 
\OblIM BCTPeueHbI B USBeECTHAKAX CKBAVKUH Ne 28 (rayOuna 2127—2147 M) 4H 
Ne 29 (2130—2133 m), Ha YKupHoBcKol MiowakH B CKBaxKUHe Ne 223 (1542— 
1544 m), na Hoso-KyOanckoH muloulatu B ckpaxkunax Ne 3 (1906—1911 m) u 
‘Ne 11 (1939—1942 m). 

Takum o6pa30M, MoslyueHHble WaHHble 10 6paxuvonofsaM CBUeTENbCTBYIOT O 
“ToM, uTO BepXHAA rpaHutla 3a/lOHCKO-eJeNKUX oTmoxkenuii B CramMHrpaqcKon 
“O6s1acTH 3HAUMTEJIbHO 3aBbIIeHa H YTO Ce clelyeT MpOBOJUTb NO MOABIECHHIO 

jlaHKoBo-sleOeAHCKUX Opaxuomol. 

ZaoncKo-eslelKue OTIOKeHUA OOACTH JIMTOJIOTHYeCKH 3MeHAIOTCA HO 
nuoutanam. Ecau B CeBepHbIx paspesax (Kupuosck, JIuneso, Kaenopka 4 ap.) 
OHM Mpe{cCTaBJIeHbl B OCHOBHOM KapOOHaTHBIMH Moposamu, TO M0 HaIIpaBJICHHIO 
-K wry (Kopooxu, Apyea u yp.) HaOmosaeTcaA yBeMMYCHHe B Paspese TeppureH- 
wuIx nopon. 3 ayHbl B HUX BCTpedaloTCA OpaxHonosbl, MeveMNopbl, TacCTPO- 
TOMI, KPHHOUeH, MUUAHKM, OCTPaKOAL, cbopamunudeptt. Bpaxvonospl mpet 
CTaBJIeHbI CJIELYIOWIMMH BHMaMH: Schuchertella matyrica Nal., Productella 
lachrymosa Hall., Pr. herminae Frech., Pr. multispinosa Sok., Chonetipus- 
tula membranacea (Phill.), Chonopectus rossicus Nal., Chonetes nana Vern., 
Praewaagenoconcha oreliana Moell., Camarotoechia zadonica Dial.) Ce Cia 
_ griasica Nal., Cyrtospirifer archiaci Murch., C. zadonicus Liasch.;C. brodi 

. Wen., Spirifer koscnaricus Ljasch., Athyris concehtrica Buch.; ocTpakojH: 
Bairdia eleziana Eg., Acratia zadonica Eg., Serenida zadonica Pol., S. 
plavskensis Pol., Famenella inconditis Pol. u Ap. 
MoupocTtb ropH30HTa ocTuraeT 350M. 
JLankopo-neGOeRAHCKUH TOpH3OHT BbiemseTcA M0 cbay- 
He OpaxHonoy M ocTpakol. BepxHaa rpaHuila JlaHKOBO-JIeGeAHCKUX OTJIOAC- 
HM ABJIAeTCA TpaHuleH TeBoHa H Kap6oHa, H O Hel TOBOPHJOCb pple. Ha ce- 
BepHEIX Tiomaiax (KupHosckas, Tiunesckas, Kmenopckat mu fp.) paccmaT- 
PHBaeMble OTJOMKeHHA CJOMKCHDI W3BeCTHAKAMH, JOJIOMHTaMH M AOJIOMUTHSH- 
| pOBaHHbIMH M3BeCTHAKAMH. Ilo Hanpapsmenmio K 1ory B paspesax ILCHTp aJIbHOrO 
- tuna (KopoOkosckaa, Cesepo-JlopoxkKMHCKan jolla) H OCOOeHHO B IOXKHbIX 
' paspesax (Apaequncko-llanuKckaa, 3umosckan, Llnaxosckand W ApyrHe MI0- 

waiu) MOJOMUTH3alMA MOpor jlaHKoBo-sleOeAHCKOrO BOspacTa YMeHbULAeTCH. 
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Ha Apueguncko-Ilanukcxol, 3umosckoi, UWnaxosckoi wu Apyrux muomlan 
TOPH3OHT CJIOXKeH B HWKHEH YaCTH NepecaMBaHHeM apruJJMTOB, MecuaHuk 
W3BeCTHAKOB HM B BepXHeli — H3BECTHAKAMH CepbIMH, KeJITOBATO-CepbiMy, 
TaHOreHHO-OOJIOMOUHBIMH, OJIOMATHSHpOBaHHbIMy. 

B 1959 r. cbameHcKHe OTJOXKEHHA ObLIM BMeEPBbIe BCKPbITbI }orwKHee Crain 
rpana (wa MapnuoscKoli niomjagu), re ckBaxkuHa Ne 2 npouina Tommy Wank 
BO-JIeGe@LAHCKUX OTOKeHHH Ha riyOuHe 2795—2940 mM, npescTaBeHHy10 H 
BeCTHAKAMH TeMHO-CepbIMH, TJIMHHCTHIMH C MpOCJIOAMHM aprHJIJIMTOB. 

B jlaHKoBo-sleOeAHCKUX OTOKeHUAX OONACTH BCTpeyeHa cayHa Opaxu 
nox: Schuchertella cf. matyrica Nal., Productella scyphica Nal., Camarotoech 
livonica Wen., C. cf. griasica Nal., Cyrtospirifer lebedianicus Nal., C. ¢ 
postarchiaci Nal. u ap. Wi3 ocrpaxog M. A. Heuaepo onpenenensi Sansabel 
lebedianica Netsch. inlitt., Bairdia hoperica Netsch. in litt., Eridocone 
socialis Eichw. Han6onee acto setpeyarotca Serpula vipera Wen. 13 d@opam 
Hudep B HWKHEH NOJOBMHE TopHsoHTa BcTpeyeHbI: Umbella saccamminiform 
Byk. u B cpeqHei uactu Septatournayella rauserae Lip. 

MoulHocTb JaHKOBO-se6eAAHCKUX OTJOMKeHHH ocTuraeT 300 mM. 


HayuHo-HccieqoBaTeJIbCKHH HWHCTHTYT Tlocrynuuo 
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METPOIPA®HA 


mn. 1. THMOPEEB 


TEHE3MC MW FEHETHYECKAS K JIACCK®UKAULNA 
_ CPEXHEFOPCKHX YrNIEM TYBHHCKOTO ME)KPOPHOrO MPOrMbA 


(IT pedcmaeseno axademuxom A. JI. AHUWUHOLM 23 XII 1960) 


Kommmekcnoe jsuTouioro-palMasibHoe i yraenerporpaduyeckoe H3yueHHe 
“YIJIeHOCHEIX OTJOMKEHHH NOSBOHO aBTOPY II0-HOBOMY, © HHBIX MeTOMHYCCKUX 
“TIOSHUMH, MOLOWTH K PeleHHto BOMpOcoB reHesuca ryMyCOBbIx yruel wu mocrpo- 
eHHA HX reveTuueckoli KuaccuuKanun. Panee, UCxXOAA M3 jleTasIbHOrO aHa- 
nusa yrteit (*) HM BMeralolnlMx Ux oTmoxkenuli cpemuero KapOona J,onOacca 
(2 \, aBTop BbIABMUI TlaBHeliuime reHeTHuecKHe (neppuyubie) akTopEl yrvieo6- 
_ pasoBaHis, OO6yCJOBIMBARLINe HM HalpaBJABLIHe poleccbl KaveCTBEHHOTO IIpe- 
“ppanleHua pacTHTeIbHOrO BellecTBa B pasIMYHEIX PeOsOrO-TEKTOHMYECKUX 06- 
- cTaHOBKax OCaKO- H yrsleHaKOIJeHHs. Tocnenyioiiue padoTbl Ha MaTepHaile 
cpeHelopCKUXx yraei TyBuHckoro Mme3030iicKoro MexKropHorO MmporuOa jan 
 BOSMOXKHOCTh HECKOJIDKO yIvlyOUTb M pacuMpHTb Halliy TIpelcTaBJIeHHA B 9TOM 


_ HanpaBsenuu. OnM elle pas C TouHOH yOeMUTeIbHOCTHIO MOATBEPAMJM OIPCAC- 


jleHHYyIO 3aBHCHMOCTD CTereHH passOrKeHHA PAaCTHTeJbHOTO BEULECTBA B mpolec- 
ce renedukallun u ioseHHsalun OT mameoreorpapuyecKUx HW PeosOro-TeKTOHH- 
yeckux ycsloBpuit o6sacTel yopPoHakonJeHHuA. 

B ocwosy mpelaraemon reneTuueckoll KulaccHukalw CpeHeIOPCKUX 
ryMycoBbix yrvieli TypwHcKoro poru6a Takxke MOOKeEH MPHSHAK CTPOcHHA 


 renebuUNpoBaHHOrO U (pi03eHHSHPoBaHHOTO BeULeCTBA, MIPOABIALOMIMMCA B CTe- 


TleHH COXpaHHOCTH KNeTOUHOM CTPyKTYpPbl PacTHTeJIbHbIx TKaHeH WH H3Me/Ibue- 
Huu MocmenHux. Ilo sTomy NpusHaky HaMu BbINeeHbI ueTbIpe TreHeTHYeCKHe 
Tpynnbl yrvieli, COOTBeETCTBYIOIIHE TCNMHUTOBOM, MOCTTEIMHMTOBOH, MPeKOJJIH- 
HUTOBOH UM KOJWIMHUTOBOH CcTaqHxAM COCTOAHMS ucxolHoro MaTepHasia yrviA. 
Tlo coorHomienuio (:pioseHH3NpoBaHHOro U resle@ulMpOBaHHOTO THMOB BeIllecTBa, 
ABMBIUAXCA pesyJIbTATOM pasmMuHOK cTeneHH OOBOMHEHHOCTH OovOTa H MOABHK- 
HOCTH B HEM BOJHOM Cpebl (IPOTOUHOCTH MT. m.), B Kakgou rpynne ycTaHoB- 
ICH TeHeTMUeCKHe THMbI yrsieH, KOTOpbIC COOTRETCTBYIOT oOlpeieieHHbIM pa- 
WuAM TOpdoHakorVeHnuA. 

Matepviasiom Ait aHHbIx YcceOBAHH MOCMyKUIM USy4eHHBIe B wiudax 
YIM OCHOBHBIX PaOouHX MiacTOB H jleTalbHO OMMcaHHble (10 KepHy 6ypOBbIx 
CKBaxKHH WM YacCTHYHO 10 OOHAKeCHHAM) MHOFOUMCJICHHbIE Paspesbl yrieHocHon 
TOJMIH OObIIMHCTBA pasBeaHHbIx CpelHeIOpCKUX YFOJbHbIX mecTopoxKqeHuit 
TysuucKkoro mpornéa. 

Ieee ih col Crt 260! ty cme eH B10 pasiowxeHHA Pa 
CTHTE€MbBHOTO MaTepuHana—TeAUHUT HL. Jlna yraei nepBou 
rpynmbl BecbMa XapakTepHbIM aBaseTca clla6oe paslomKeHue pacTHTeJIbHOTO 
MaTepHasia, Olaroqapa KOTOpoMy OHH cyjlaraioTCA B OCHOBHOM KPYIIHbIMH 06- 
pbIBKaMM OCTYAHEBIIAX PacTHTeJIbHBIX wKaHeli, He MOTePABIIMX elle CBOeH Tep- 
BOHAYAIbHOM KJIeTOUHOW CTpyKTYPpbl. Sra cTalua HasbipaeTcA TeJIMHUTOBON. 

B ycuJIOBHAX MOLBHAKHBIX, ca60 OOBOAHeHHEIX («cyXHX») 3aCTOMHbIX (HeMpo- 
TOUHBIX) OOOT OOpasoBbIBasIHCb (pio3e HUTO-TeJIMHUTHI ((pro3eHO-KCHJIEHOBBIe 
yrau). OHM CocTOAT M3 OOpbIBKOB TKaHell, CTeOuleH MH CTBOJIOB, H3MCHCHHBIX B 
Tipomecce (10seHH3aunH, C He3HauMTebHOU TIpesBapHTeJIbHOH ree@ukauel, 
lo CeMUKCHJIeHO-pi0seHa, KCHIeHO-(pio3eHa M cpioseHa. VUnoro Tuna yrJIH BO3- 
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MI€HHOH MX MPOTOUHOCTH, HaKalJIMBaJIMCb (lO3HHHTONOAOOHEIE TeJHHUTEI * 


yuleM caryuae, cproseHusallHH. Secb OHH TipecOpasoBbIBaIHCbh JO KCHJIOBUTpe, 


JIOMCHH A Dp aCreiniNer Ty brn vOsiTO Mia The) Pp (Meal a =i lOk CR ees vires 


-CBOIO TEPpBOHAUAaJIBHY!O cbopmy HM KJI€TOUHOe CTpoeHHe, T. e€. MpereplleH MavJib- 


‘B Mpolecce reepuKawM 3 PaCTHTeJIbHbIX OCTATKOB BOSHMKaJIM TeJIMTO-MOCT- 
‘TCJIMHUTOBLIE yrvid. OHM CularaloTcA OObIGHO MeIKUMH OOPbIBKaMM TKaHel, 


HUKaJIM, KOMa pacTHTeIbHble OCTATKH NOABeprasMCh TOMbKO resepuK aly 
3yecb, B aHaspoOnHOl cpesle cHuIbHO OGBOAHEHHOFO 3acTOMHOrO (HeNpoTOUHO 
6010TA, OOPA3ZOBbIBAIHCb TeJIMTO-TeIMHUTHI [peBeCHHHble UW TeIMTO-TeMHUT 
lapeHXHMHble (apeHXHTb!). HawOonee xapakTepHbl AJId HUX ¥ CHOBUTPeHbl 
NOY3anJIbIBLIMMM HM 3allJIbIBIIMMH KJIeTKaMH, KCHJIOBHTpeHbI KOMKOBATHIe, BH 
peHbI CTpykTypHble Hu OeccTpykTypuble, BuTpeH B. Kcnuenu3npoBanuble u pio 
‘HHSMPOBaHHble TKaHH MpesCTaBJIMIOT UCKsOUeHHe. BemlecTBo KOJIWIMHUTA (OHI 
pofHad OCHOBHad: Macca) MpucyTCTByeT B He3Ha4HTeJIbHOM KosMuecTBe. YJ 
3TOrO THMa, KaK MW (IOSHHHTO-TeJIMHUTHI, MaJIO3OJIbHBIe. | 

Cpeavw M3y4eHHBIX yrvieH HaMH BCTpeyeHbI TakxKe Te/MTO-TeMHUTHI [pes 
CHHHBIe C (plO3CHOM HM TeJiMTO-TeIMHMTHI JIMPHHTHTOBbIe (JIMTHUTHTHI). OHM OOpé 
30BbIBAIHCbh y2Ke B YCJOBHAX C1a6O MpOTOUHOFO, HO ellie CHJIbHO OOBOLHEHHG 
ro 6010Ta, B KOTOPOM TOJIbKO HeKOTOpble, Oovlee PbIXJIbIe H, OYCBHAHO, MeHE 
pasvlOx%KeHHbIe OOPbIBKH TKaHeH MosBeprasucb drosenusarun. TlocneqHue 
mime OOHapyxKUBaIOTCA B Bue TEMHO-OypbIX HJM (Yale) YepHEIX BKJIOYEHHY 
Jl yrsiei THNa B WeJIOM XapaKTepHO HECKOJIbKO MOBBILIEHHOe COAepxKaHHe M 
HepaJibHOH NpHMecu. : 

B MOJBWXKHBIX OOIOTAX MPH HeCKOJIbKO MeHbINeH OOBOJHEHHOCTH, HO MOBBE 


B 9THX YCJIOBHAX PaCTHTeJIbHbIe TKAHH, JOCTHTHYB HanOovIbIleH renepukalHnr 
B lipefesax TeJIMHHTOBOH CTA, MO{Bepraucbh Oovlee CHIbHOM, 4eM B IIpeAbl 


HO-(ploseHa, BHTPeHO-lo3seHa MH HEKOTOPOFO KOJIMYeCTBA HeENpoOspayHOH OCHOB: 
HOH Macchi. IloppiieHHad NpOTOUHOCTb B OoOTaxX MpHBOAMIa K MeXaHH4ecKo 
MY Pa3{[poOJIeHHIO HeEKOTOPOH WaCTH PaCTHTeJbHbIX TKaHeli HM MpMBHOCY OTHO} 
-CHT@JIbHO OOJIbINOrO KOJIMYECTBA TeppHIeHHOM HM TVIMHHCTOH MmpHMecu. 

Illy Yrau c oTHOCUTCIDHO Ca abonscTene Hb iO Mpa 


H HT BI. Tlocnenyrouraa cTaqvaA, pu KOTOpOH PacTHTeJIbHbIe TKAHH MOTeP A 


Heiiee OMOXMMHYeCKOe Pa3s{poOOeHHe, Ha3BaHa HAMM MOCTTeJIMHHTOBON. 
B OTHOCHTeJIbHO NOJBYKHbIX, CHJIbBHO OOBOMHEHHBIX MH 3aCTOHHBIX 6ol0TaXx| 


| 
MpeACTaB JICHHbIMH B OCHOBHOM KCHJIOBHTP/CHOM VM BUTPeHOM. @Mopma OTJCJIBHBIX | 


‘GacTHYeK — JIMH30BUAHAA, 9JIJIMMCOMAaJIbHO-OKPylrvlaA, WHOTTa MOMOCOBUA- 


Had, KOHTYpbl, KaK MpaBWJIO, YeTKHe, peqKO pacnubiByaTbIe. B ucxoHOM MaTe- 
pase OTMeyaIOTCH MapeHXHMHble, JpeBeCHble, KOPOBble, MexXaHMyecKHe TKaHH 
CTBOJIOB, B M@HbIIe€M KOJIMYeCTBe — MUKPOCIIOpbl, KYTHKysla, CMOJIAHbIe Tela 
M Apyrue PopMeHHbie sslemMeHTHI. B page calyuaep oTMeuatorca Kpymuble (ppar- 
MeHTbl Trevle:HUMpOBaHHbIX TKaHeli H eAMHUYHbIC MeIKMe BKJIOUeHHA pio3zeHa. 
Bce OHH WeMeHTHPYIOTCA H€3HAYHTEIbHbIM KOJIMYECTBOM OCHOBHOIi Maccbl — 
KOJWIMHUTOM, HMeIOUIMM HECKOJIbKO Oovlee TeMHYIO OKpacKy MO CpaBHeHHIO C 
PyruMu resepuUupOBaHHbIMH KOMIMOHECHTAaMH. 

B 9THx 2Ke OoOTaX, HO IPH NOABeHHH B HUX ca6oi MpoTouHocTH, oOpa- 
SOBbIBAJIHCb T@JIMTO-MOCTTEMHUTOBbIC YIVJIH, BKJOUAIOUIHe OTeIbHbIe, B OC- 
HOBHOM KPYIIHble TeMHO-Oypble M YepHbie OOPbIBKH (PIOSeHUSHPOBaHHBIX TKaHel. 
OJHOBpeMeHHO OHH MpHoOopetaiu Gosee pasHoposuy1o CTPpyKTypy, 4acTO O0JIb- 
Uly!0 HEOMHOPOAHOCTh NO pasMepy CwJlaralolulu4xX KOMMOHEHTOB. HW MOBbILLeHHOe 
CofepxkaHve MHHepabHOH mpuMmecu. Ilo mepe yBeM4eHHA MpOTOUHOCTH HU YMeHb- 
IN€HHA OOBOMHEHHOCTH OOJIOT B aHadpOOHO-a9pOOHbIX YCJIOBHAX HaKallWMBa- 


* Haspanne yruieu 3sTOrO THIa TaHO HaMH MOKA yCJIOBHO C HCNOJb30BaHHeM YaCTHUHO CTa- 


pou TepMHHOJIOrHH @Mro3HHUTONOAOOHHIe TeJMHATbI PeC3KO OTJIHUAaIOTCA OT (pl03H HUTO-TeJIHHHTOB 


He TOJIbKO NeTporpadHuecKMMH NpH3HaKaMH, HO H OCOGeCHHOCTAMH UX XUMUYeCKOrO cTpoeHHaA. 
Tak (O3HHHTO-TeHHUTHI OypbIX yrvieli mpakTHyecKH He COfepKaT TYMHHOBbIC KHCIOTHI, a B 
@IOSHHUTONOAOOHIX TeIMHUTAX M NOCTTeIMHUTAaX HX KOsIUUeCTBO jocturaet 70—80%. B xa- 
MCHHBIX YyIIAX OHH MO-pasHOMy BelyT CeO MPH KOKCOBaHHH: (hioseHEI (pIO3HHHTO-TeHHUTOB 


He H3MeHHAIOTCA, a (hioseHONO_OOHBI aTTPHT H3 (bOosHHHTONO,OOHEIX yrueH BOBJeKaeTCaA B 
KOKCOBaHHe H TpeTepneBaeT 3HAYHTeIDHBIC H3MeHEHHA. 
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| wsHHUTOTOACOHE! NMOCTTENMHHTOBHIe YTVIH C JOBOJIbHO 3HAYHTeJIbHIM 
epkaHuem TeppHTeHHO-TIMHUCTOrO MaTepHata. Jina HMX xapakTepHa elle 
lee pasHopowuad cTpykTypa Mu TeKcTypa: OOPbIBKH TKaHell MMeIOT, Kak 
Wi0, HEpOBHbie M pa3pbIXJIeHHbIe Kpax, pasIM4HbI pasmep u dopmy, 


: C OTHOCHTE€ABHO CHABHOUH cTEMeHbW 
Mrumeuua pacTHTeAbHOTO MaTepHaaa—Npekor 
rHuTu. Ilpu cmemyouleh cTaluu OOpbIBKH paCTUTeMbHbIX TKaHeH 
TOJIbKO CHJIbHO NOWBeprasHcb pasO*KeHHI0, ATO HE oOHapyKUBaloT YeETKUX 
HTypos. OgHako OHM elle He NOCTHTIM TIpefkesbHOrO pasO%KeHHA, Mp KO- 
DOM OOpasyeTcA KOJWIMHHTOBOE BEIECTBO YIvA. Tlostomy cTaqua, mpestie- 
youn KONNMHUTOBOM, ABTOPOM Ha3BaHa MPeKOJIMHUTOBOM. 

Cpeiu usydeHHblx yraeli II] rpyrmpt, HakomieHue KOTOPbIX TIpOHCXOAHO 
STHOCHTeEIbHO YCTOHUMBEIX Oo/IOTAX, YCTAHOBNCHO ABa reHeTWYeCKHX THA: 
JUTO-IIPEKOJIMHUT HM TesMTO-MPeKOJIMHHT C (pIOSeHOBLIM aTTpHTOM. OHH 
araioTca OUCHb MeJIKUMH reje@HIMpOBaHHbIMH OOpLIBKaMM TKaHeH, MOTepAB- 
IX CTPYKTypy, HO elle HHOra COXPaHUBINMX B c1a6oM, pacribiIByaToM Buse 
0 cpopmy. Mecramu, compukacasch Apyr C IpyroM, OHH OOpasyr1oT cBoe06- 
ae «ryOuaTylo» CTpyKTypy reslePHILMpOBaHHOroO BelllecTBa. Tlogo6Hoe mpe- 
aileHve pacTHTebHOTO MaTepHasla HE MOSBOACT pa3MuaTb MepBOHayaJIb- 
je TKanHH uM MosTOMy McKmOUAaeT NOMpasqeseHHe UX 10 HCXOLHOMy Ma- 
puasy, Kak 9TO CilelaHo JWIA TeuHTO-TeMHUTOB. V3 KyTHHM3HpoOBaH- 
IX SJIeEMeHTOB BCTPCuaiOTCA B HeOOJIbINIOM KOJIM¥eCTBe MHKPOCMOpbl, KyTHKy- 
1, CMHMUHbIe CMOJAHbIC Tea H BOLOPOCIH. MuuepambHasd pHMecb He xapak- 
pHa. Yrsu nepporo Tuma HaKAMMUBAJIMCb B CHJIbHO OOBOAHEHHBIX 3aCTOHHbIX 
\OTAX. 

» IIpucytersue cpioseHoBoro aTTpHTa B YTvIAX BTOporo Tula OOBACHAeTCA CME- 
ot anaspoOHO cpeybl Ha aspoOHO-aHaspoouyio, BbI3BaHHOM MOABJIGEHHeM CJa- 
ot MpoTOUHOCTH GouloT. OAHOBpeMeHHO C (PIOSCHH3allHell OTAC/IbHbIX MCJIKUX 
6phIBKOB TKaHeli OCYHIECTBUAICA MPHBHOC TaBHbIM O6pa30M TIMHMCTOrO Ma- 
spuasia, COMepxaHHe KOTOPOrO YBCJIMYMBAOCh MapaJeIbHO YBeMYCHHIO KO- 
wuecTBa (pioseHOBOrO aTTpHTa. 

IV. Yrau c cuabHOKH cTeENeHbW pas fMOKeHHA Pa 
MUTE bHOTO MaTepHada—KOTAHHUTH. Sta nmocileqHAA 
TaluA XapaKkTepH3yeTCA MOJHbIM PasJIOAKCHHeM PaCTHTeJIbHLIX TKaHeH, pH 
OTOpoM CTpyKTypa BelllecTBa yria CTAaHOBHTCH OHOposHol (pasxKuKeHHe) 
JM XJIOMbeBUAHON (KOaryiamuA). OTA cTaquA MpeMebHOrO pasiokeHua pa- 
TUTeMbHOTO MaTepHasia B Mpomecce remepukalMu HaSsplBactcs KOJLJIMHATOBON. 

B IV rpynne yrueH, Kak HB IpellbiLyiiel, yCTaHoBJIeHO [Ba TeHeTHYeCKUX 
Wnla: FesMTO-KOJIIMHUT HW TeIMTO-KOJJIMHUT C (pIOSCHOBLIM ATTPHTOM. Oco6ex- 
IOCTh UX CTPOCHHA 3akMOUAeTCA B PesKOM mpeoO1aqaHuu B yrviAx mpo3spauHoH 
\CHOBHOM Maccbl — KoumMHUTA. TeneHitMpoBaHHble (bopMeHHbIe 9/IeMeHTb! — 
{CUJICH, KCHJIOBUTPeH, BUHTpeH — CAHHMUHEI. Muxpocnopbl, KyTHKyJla H BO/O- 
JOCIM BCTpeyaioTcs B HeOOJIbLOM KoMuectBe. Yruid BTOporo TuMa, B OTIHUHe 
oT TlepBoro, Cosep*KaT (proseHOBLIH ATTPHT M MHOTa (proseHu3upoBanAble cppar- 
MeHTEI. OHM TakyKe HeCKOJIbKO OOOrallleHbl MMHepaJIbHOM MpHMecbiO, B OCHOB- 
JOM TMIMHUCTOH, KOTOPad OOBIYHO accolMMpyeTca C MOBPILNCHHBIM cofepxKaHieM 
pioseHoBOrO aTTpHTa. Hakonmenne u mpeoOpa3oBaHve pacTuTe/bHoro MaTepH- 
ayia lO NOMHOFO pasJIOXKeHHA MPOMCXOAMJIO B YCTOHUMBBIX, CHJIbHO OOBOHEH- 
HBIX H 3ACTOMHBIX (HeEMpOTOUHbIX) OouOTAX. Hekoropas mpoTouHocTh OOyCJIOB- 
nuBasia MOABseHHe (proseHOBOrO aTTPHTa M TIMHMCTOTO BelllecTBa B yIvIAX BTO- 
poro reneTuueckoro THMA. , 

Takum o6pasom, u3yyeHHble cpenelopcKue yril TyBHHCKOrO MexKTOPHOFO ~ 
nporu6a MalOT BOSMOXHOCTb MpOcJCAHTb CJIMHbIM HEMpepbIBHbIN pA, Pas/OAe- 
HMA MCXOMHOTO pacTUTeJIbHOrO MaTepHasla HM PasevJIHTb ero lO CTpyKTYpHbIM 
OcoOeHHOCTAM Ha YeTEIPe CTaHM — TeAMHUTOBYIO, HOCTTeJIMHUTOBYIO, TIpeKOJI- 


JMHUTOBYIO M KouMHUTOBy!O. Kaakad 43 STHX cTaluit oTpaxkaeT ommpeevleH- 


HbIe COOTHOMICHHA PeoJIOrO-TEKTOHHYECKHX H llaleoreorpapuyeckKHx ycJIOBMH 
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%KM3HH pervona. B OHHX Culyy¥aAX, KOPla Ta WIM WHaA YaCTb PerHoua B Ka 
TO IIPOMex*KYyTOK BPeMeHH OCaKO- H YIieHaKOMJIe€HHA XapaKTepH30Baulacb 
TOHUMBLIM HJIM OTHOCHTeJIbHO YCTOHYMBbIM PeXKHMOM, B O3e€PHO-OOJIOTHHI 
IpHOpexKHO-GacceHHOBbIX OOCTAaHOBKaX OOPa30BbIBaJIMCb YIvIM C KOJWIMHE 
BOM HW MpeKOJJIMHUTOBOH cTpykTypamu — yr II] uw IV renermyeckux rp 
Copcem [pyroli Mpuposbi yIvIM BO3HUKAaJIM B AJIJIOBMaJIbHO-O3epHO-OOVIOTH 
aJIJIKOBHaJIbHO-IIpHOpexKHO-OacceHHOBbIX H OacceliHoBbIxX OOcTaHoBKax. Un»y 
IleJIOM ObIJI CBOMCTBEH MeHee CTAOHJIH3HPOBaHHbIH XapakTep OOJIOT, NPHBOLs. 
WMH K MOABJIEHHIO yrvieli C TEMHHUTOBOM H MOCTTeJIMHUTOBOH CTpyKTypaMH= 
yrneti I u I] renetuyeckux rpynn (ta6. 1). . 

CyeqoBaTesIbHO, IpH OHOM H TOM Ke TeOJIOrO-TeEKTOHHYeCKOM perxKHME 
COOTBETCTBYIOINHX OOCTAHOBKAX OCAKO- H YIICHaKOMNJeCHHA CyWeCTBOBaJIM P| 
JIMUHbIe (pallHasIbHble YCJIOBHA, IPHBOAMBUIMe B Mpolecce resepuKallun, cio} 
HH3allHH WU resepukKaluH Cc MocwesyrouleH (proseHH3sallMel K POPMHPOBaHHIO p 
JIMYHOFO TIO COCTaBY, HO OMHHAKOBOTO MO CTeNeHH pa3JIOKeHHA BeMeCTBA ye 

B 3aksioueHHe CuleyeT OTMCTHTb, YTO BbIABJICHHaA Ha lpumMepe JlonOac 
u TYyBMHCKOTO MporHv6a 3aKOHOMepHaA CBA3b M@KY OCOOCHHOCTAMH BeLlec 
BeCHHOTO CocTaBa yIJleH H OOWLHMH YCJIOBHAMM OCaKO- MW YrvieHaKOMVJIeHuA TIC 
BOJIAe€T NOJOUTH K paspaOoTKe NPHHUMNOB eMHOH TeHeTHYeCKOH KJIaccHpuK 
WMH ryMycoBbIx yrgeH CCCP wu Ha HX OCHOBe — K HOCTpoOeHHIO CaMOH Kwac 
cbuKallun. 


TeosoruueckH HHCTHTYT Tlocrynusio 
Axkaylemuv HaykK CCCP 19 XII 1960 


HWAHTHPOBAHHASA JIMTEPATYPA 
1 jl. WU. Boroaw60B4, Tp. Jla6. reon. yran AH CCCP, pB. 6 (1956). 7 TI. 1: T | 


mModmees, Mas. AH CCCP, cep. reon., Ne 5 (1952). * TI Il Tumogees, JAH, 10! 
Ne 4 (1955). 411. Tl. Tuamogees, JAH, 111, Ne 5 (1956). 5 TT. 1. Tumogmees 


Tp Jla6. reou. yraa AH CCCP, Bs. 10 (1960). 


Jloxnagpm AkKawemMun Hayk CCCP 
19644 Tom 139, Ni 4 


TEOXHMHA 


B. HW. PEXAPCKHMM 


O CBA3KH MOJIMBAEHHTA HW WEEJIMTA 
C NOJIEBOWNMATOBO-KBAPILEBOM CTAHEM 
4 MVHEPAJIOOBPASOBAHHSA HA HEKOTOPDHIX 
CK APHOBO-PEAKOMET AJIbBHbIX MECTOPO)KAEHH AX 


(I1pedcmasaeno axademuxom J]. H. Mlepbaxoeoim 6 I 1961) 


* 

i Uccneqonanua, mpopewenubie Ha MecTopowxjenuax JIanrap 4 Yopyx-]aii- 
ha (Cpequaa Asus), a TakxKe O3HAKOMJeHHE C JpyrHMH CKapHOBO-PpeAKOME- 
@MbHBIMM MecTOpoxKeHuAMH, B TOM 4NCTe THIpHbl-Ay30m (Kapka3), I103B0- 
(MIM BEYeMTb MOMeBOUINATOBO-KBapeByIO CTaMHIO MUHepasIH3allHH, C KOTO- 
soi CBA3aHO OOpasoBaHve MOMHOeHUTA, IeeIMTa M “[pyTHX PYAHbIX MUHEpa- 
10B. 

TlonesoummaTopo-KBapleBad CTaiuA ABJIACTCA MOCeCKapHOBON. 3To coria- 
nyeTca c moowKeHHem A. H. 3apapuiKoro () w JI. C. Kopxxuucxoro (?) 0 Hauio- 
KeHHOCTM pyHOro mpolecca Ha CKapHbl, a TakxKe C TAHHbIMH X. M. A6zyana- 
spa (2) 0 pasBHTHM MOCecKapHOBOrO KBapuleBO-cyAbpusHOrO pyAHOrO sTala Ha 
Mectopoxenuu JIlaHrap M Apyrux uccmeqoBaTeneH, KOTOpbIe, H3yuad HasBaH- 
able BbIMe MeCTOPOXAMeHMA, BbIeMAIM MOCMecKapHoBble PYyAHble STANbl WH 
Tau MMHepasM3alluH, CBASbIBAaA C HMMM BbIeIeHHA PYyAHbIX MMHCpavloB. 

Pasmenand B3riAMbl 9THX HCCeLOBaTeIeH, Mbl B HaCTOAUeM KpaTKOM co06- 
ileHuu OOpauiaem oco6ce BHUMaHHe Ha H3MCHEHHe aKTHBHOCTH MOHOB ULe10u- 
HBIX MeTAJJIOB B Iipolecce pasBuTHA TIOJIEBOIIMATOBO-KBaplleBOH CTA MUHe- 
panusanuu. Sto, no HallleMy MHEHHIO, ABAACTCA OMHUM HS OnpeesAIOULAX 
(bakTOPOB B OTJOXAKEHUM MH pacnipeereHHHn MOHOLeHUTAa HM Apyrux pyAHbIxX MH- 
HepasioB B PeAKOMCTAJIbHBIX MeCTOPOAKMEHHAX (*), B TOM 4MCIe H CKapHOBOrO 
THA. ) 

Han6ouee xapakTepHOl OCOOeHHOCTbIO TOJIEBOLMIMATOBO-KBapleBol pyHou 
CTaluu MMHepamM3allMn ABJIAeTCA MHTCHCHBHOe 3aMellleHHe CKaPpHOBDIX MHHE- 
pasion — oco6eHHO MMpoKcena H rpaHaTa — MOJIeBLIMH WIMnaTaMH, amMduOoviom, 
KBaplleM, 9MHJOTOM c oOOpasoBaHHem TlOJIEBOLIMaTOBO-aMUOOJIOBO-KBapleBbIX 
metacomatuTos. Hapsazy c mpomeccamu 3aMelleHHA HaOmoaeTcA TepeKpucTall- 
qm3allMa MupoKceHa uM POpMHpoBaHHe HOBOOOpasoBaHHOrO TpanaTa CyUIeCTBCH: 
HO aH{payuTOBOrO COCTaBa. 

_ OjnoppemeHHo c MeTacoMaTH¥eCKUMH MIpoleccaMH MpOHCXOAHT o6pa30Ba- 
Hue OJIEBOLIMATOBO-KBaplleBbIX WH KBapeBbIX KM. 

Cpequ MoveBbixX WiMaToB oMnpesesseTca aJIbOUT, aJIbOUT — OJIMTOKJIa3, Ka- 
‘qepple momesple wnat! H pexe aHfesHH. Ha KaxxOM H3 HSYSeCHHBIX MCCTO- 
POXKNeHH HaOMOMaeTCA IIMpOKOe PasBUTHE OLHUX MONCBHIX wimaTOB HW MOAuH- 
‘HeHHoe 3Hauenue Apyrux: Ha JIaHrape riaBHbIMH MOJIeBOWIMAaTOBbIMH MHHEepa- 
‘MaMi ABJAIOTCA albOUT — OJIHTOKNa3 H KaJIHeBbIe TMOTEBHIC wimaTbl, a Ha Me- 
ctopoxkysenuu Uopyx-Jlaipox — aJIbOUT. 

_ Visysenve B3avMOOTHOWIeHM MexKy MMHepalaMH MOSBOJIMVIO yCTaHOBHTb, 

‘YTO H3 PYAHbIX MHHEpaJIOB M€PBbIM o6pas0BaJicA WIeeHT, 34 HAM OCHOBHAaA Mac- 

‘Ca MOMMOMeHHTA, HM MOCICAHHMH BBIJeIMIMNCh CyJIbHybl wese3sa HW MCAH. Otme- 

‘THM, YTO CXOMHBIH MOPAAOK OTMOKEHUA PYAHLIX MHHCPAOB OTMewasICA TakxKe 
X. M. Aonyanaespm (*), B. C. Macuuxospim (°) 4 ApyrHMH HcculeqOBaTe1AMH, 

“W3yUaBIHMH HasBaHHble BbILIe mMecTopoxKeHHa. 
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OOpasopanne meennTa npoucxoguso OAHOBPeMeHHO C ebAuMATHBZaIt 
CKaPHOBBIX MHHEpaJIOB, MepeKPMCTaIHsalMel NMMpoKceHa H (popMupoBaH 
HOBOOOpasoBaHHorO rpanaTa. HauGomee yacto oTleAbHBIe KPHCTaJJIMKH 
AuTa WX THESla IPHYPOveHbI K MepeKPHCTaJIM30BaHHOMY Kp yNHO3epHUcTC 
NHPOKCCHY, TpaHaTy, MOJIeBbIM WinaTaM, amd@uOosy u pexe KBaplly. 

OcHOBHoe KouMYeCTBO MOmHOfeHa, Kak ye YKa3bIBaJlOch, BbI-eIAIOCh 1 
J€ IWeeIHTa, HM TOJbKO HeOOubINad ero yacTh — OJHOBPeMeHHO Cc meenHTY 

Mosm6yeu, oTmararouuiica OAHOBPECMCHHO C BOJIb(ppaMOM, BXOLUT B 
cTaB ABYX MHHepaJiOB: MomMOJoleeIuTa u MomMOneHUTa. B clyyae MOJ 
AOWee Ta MOJHOReH, 1O-BAMMoMy, H3OMOpHO 3aMenlaeT BOUIb(~paM B peutet 
muHepasa (°). Momu6jennT o6pasyer menKkue WI€CTHYTOJIbHBIe KpucTamuK 
TaOMUKH, BpOcWiMe B Maccy ieenuTa. 


ANTCA B BHe THE3, HEMpaBHJIbHO cbopMBI BKpallJICHHUKOB 
uek. Kpome Toro, HeKoTopoe xkowmyecTRo 


KBapIeCBBEIM, KBapIl-aJIBOHTOBLIM H KBapI-OHOTHTOBbIM MpOwKAJIKamM 


CTEJIBCTBYIOT O Govlee NO3qHeM BbINt 
C MOJJIHOeCHUTOM. 


N€pHOAb pasBuTHA IIPOMeccoB MOJICBOLINATOBO-K 
3aluyu oOpa3yioTca Ppa3JIM4HbIe PYAHbIe MHHEp aJIbl. 


PYAHBIX MHHEpaJIOB, JaioT OCHOBaHHe HpeMiolaratb, 4TO B pyOHOCHON 
PacTBOpe IMPUHCyTCTBOBaIH HOHL MOMMOeHAa pa3snnyHoi;i BaJICHTHOCTH — 


amu 6-BasleHTHOrO MOJHOLeHA. Vx nopeleHve B 
10 HOHOB 2Kee3a MH Me — SJIeEMCHTOB, BXO/A- 
BATeJIbHO, HanOoulee OlarOMpHATHBIMH YCJIO- 
TIEpeUHCJIEHHBIX QJIEMCHTOB ABJIACTCA 
yocHoro pactsopa. B o6uleli cxeme IIpH- 
MMT OOpasoBaHHe MOMOLOMIeeIHTA, 
B, BO MHOFOM NOMOOHBI OMMCAaHHbIM 


H 10 CpaBHeHHIO C HO 
pope OyyeT OulMxKe K NoBe eH 
B COCTaB CyIbipHAoB. Cieq0 
MH JIA OOpasoBaHuA cyJIbPpHAOB 

OTOPOe MOBBILNEHHe IeOUHOCTH PyHO 
KHbIe TIpouecch!l, MPH KOTOPbIX MPOHCXO 
Ta, MONMOWeHUTA M Apyrux cysbpuso 


. 


8B 3aksuoueHHe MOAYepKHeM, UTO BbICKA3aHHbIC coodpaxkeHiA O XMMU3Me 


poueccos OOpasoBaHuA MOJIMOLeHHTa H IleeuTA, TeHeTHYCCKH CBASAHHBIX 
ocylecKapHOBOH ONeBOINMATOBO-KBapweBol cTauH MMHepaMsallin, ABJLA- 
‘cA IIpeBapUTeJIbHbIMH. Jlia ux MOsTBepKeHHA HeOOXOMMMO MpoBeseHHe 
BHeHINMX eTAIbHBIX MMHepaJOrHyecKHx, TeOXHUMMYECKHX, H OCOOeHHO 


TIepHMCHTAJIbHIX , yccuieoBaHHi. 
WuctutyT reovlorHh PyAHbIxX mecTopox7eHHh Tloctynuao 
neTporpapuv, MHHepamorun Hi reoXHMHH hee RAED 
Axayemuu HayK CCCP 


UMTMPOBAHHAA JIUTEPATYPA 


Hple HM MecTopoxkjeHHa Ypaua, 


1A.H. 3apapuuKuit, CKapHosple i pocTBeH 
27,.C. Kop KHHCKHH, Tp: 


xu, Munepanorua Ypana, 1, Vaz. AH CCCP, 1954. 
ycT. reo. Hayk AH CCCP, B. 68 (1948). 
reon., Ne 4—5 (1941). 

B.C. MACHHKOB, Munepanni cKapHos JIaxrapcKoro MecTO 


Mivece? 1951. ° B. O. Ko #0 HOB, BectH. MocKoBCK. yHHB., 
Peo. Jieuresdh, I. A. Bpaiut, J. Ay, he) 


eckomy aHamusy, M., 1957. 
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(1960). 7B. ®. Tuane6paug”, 
Mau, IJpaxrusecKoe pyKOBOACTBO 10 HeopraHH4 
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OKEAHOJIOrW A 


y X. M. CAHJOBA 


KOJIMM4ECTBEHHOE PACTPEAEJIEHME JOHHbIX POPAMKHH OEP 
i B AHTAPKTHKE 


(II pedcmaeaexo axademuxom H. M. Cmpaxoeoim 18 II 1960) 


* KonwuectBeHHoe paciipeseseHue cpopamunudep B AnTapKTHYCCKHX Boyax 
) nocweyHero BpeMeHH He ObIIO H3YYCHO. Bce paGorbl m0 STOMY paiiony OcBe- 
JOT TOJIbKO UX BHAOBOH CocTAaB M AaloT npeycTapienue 0 pacipemeteHuH HE- 
(-5), B wacroaulen paOoTe pasOupaeTcx oouree 
cbopamunudep B_lpeqetax et Oe.) Aa 
3 CM) 


ee BUOB 10 TviyOuHaM 


qmuuecTBeHHoe pacripeeeHHe 
50° 10, mi. Jia TO WetH Opllo H3yHeHO 150 nopepxHocTHEIx (O— 


t 
7) 
60 
S es 
cin 


OBbIX AOHHEIX cpopaMuHudep B AuTapKTHUeCKHX BOAaXx (B 9K- 
9S 11503 150—1000, 4 — >1000, 


Ouc. 1. Pacmpemetenve H3BeCcTK 


jemniaspax Ha 50 © ocayKa): / — oTCyTCTByI0T, 
' § — cTaHuHv 


vi 
? 
Hubix CopeTcKoi aHTapKTHYeCKOH 9Kcnequilvel Ha TH3eJIb- 


mpoo rpyHTa, mosyue 
SnekTpoxoye «OOb» BO BpeMs I, Il u Ill pelicos ¢ r1yOuH OT 59 no 5443 M. 
b HO MeTO~MKe, paspa- 


Visyuenue pacnpeeeHua chopamunudep MpoBoAHJoc 
GoTaHHOH B Viucrutyte okeaHoJiorMu AHCCCP athe th 

Visyuanuch [pe OCHOBHBIC PpyMibl (opamunudep: H3BeCTKOBPIC (cekpelHOH- 
bie) H rWecuaHble (arrmOTHHUpOBaHHBle). 

Vispecrkopnle JOHHbIe (opaMuHUepbl B STOM palione BCTpeveHbl TOKO AO 
TayOunt 4000 mM. B oCHOBHOM OHM TATOTeIOT K MIpHOpeKHBIM paouaM AuTapk- 
TUKU H K MosBoqHomMy xpeOTy Kepresex-laycc6epr (puc. 1). B HaMOOJIbIIeM 
KkouyecTBe OHH BCTpeveHbl Ha wesbdbe H MaTepHKOBOM CKJIOHE B paitone Oepe- 
ros Ilpunua Xapabya (1600—4000 aK3eMILIAPOB *) Jlapca Kpuctencena 
(1299—1524), Ca6puna (2146—2300) u B Mope Tleiisuca (10 000—36 609). 
B otkpbiTol “actu JOxHoro OKeaHa Ha Xp. Kepreseu-laycc6epr KOJIMYECTBO 
“W3BeCTKOBLIX JOHHBIX tbopamunudep MecTaMu nocturaet 8000—60 000 sk3em- 
“naapos. K pocroky # 3amamy OT 9TOFO xpe6Ta B KOTJIOBHHAX, Pe rlyOuHb! Wpe- 
“ BBILAIOT 4000 M, 3TH cbopamunMdepbl He Hal eHbl. 
} Tlecuanpie opamuHHcpepbl BCTpeseHbl Ha rayOunax 20 5500 M. B ocHoBHon 
“Macce OHM 2KMBYT B IIpHOpexKHbIXx paiionax AnTapKTHKH H Ha XP. KepreeH- 
‘Tayec6epr (puc. 2). B nan6oupuem KouMyeCTBe STH popamunudepbl H ali leHbI 


\j 


* 3necb H flalee pacueT Ha 50 r ocalKa. 
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Ha WeJIbe, MAT€PHKOBOM CKyIoHe HM JIOKe OKeaHa B Paviouax Geperos ITI 
Xapambya (108—610 SKSeMIIApoB), Kemna.,(101—308), Ca6puua (272—3 
u Kopona Teopra u Orca (164—300). B mope Jlelipuca KOJIMYECTBO TX 
cTuraeT 1952 sK3eMIVIApos, a Ha xp. Kepreneu-Faycc6epr 120—480, 


Pre. 2. Pacnpeyenenue necyanpix (bopamunudep B ANTapKTHYeCKHX Bomax (B 9K3eMIIAp ax 
50 r ocagxka): / — 1—50, 2 — 50—100, 3 — 100—300, 4 — >300 

Ec paccmorperb KomHuecTBeHHoe PacpejeseHue dopamunudep mo ra 
OHHaM, TO BHLHO (puc. 3), uTO H3BeCTKOBHIE AOHHBIC BUAbI OOpasyioT WBa maj 
CHMYMa, a llecuaHbie — Tpu. Bepxunit NepBLIM MaKCHMyM OGeux rpynm cbopami 
Huep Mpuypouen K rayOunam 150—500 M, K BOJHBIM MaccaM Cc Temnepatypa 
or 1 no —0,5° u conenoctio 34, 1—34 ,6°/o) k mecKaM, KPyNHbIM aJleBpuTam 
MeCTaMH, AJICBPUTOBO-IIMHHCTHIM Ya. 

M3BecTKopble bopamunuceppi 3yech IIpe€cTaBJIeHbI B OCHOBHOM cleny 
MMMM BHlamMH: Cassidulinoides parkerianus, Cassidulina crassa, C. islandi 
ca, Uvigerina peregrina, Angulogerina angulosa, Triloqulina labiosa, Pseu 
dobulimina chapmani, Ehrenbergina glabra,* Astronion y Ap. 

JI BepxHero MaKCHMyMé 
MecuaHbIx opamunudep xa 
PakTepHb! Bub: Labrospiré 
columbiensis, Reophax denta 
liniformis, R. carotis, Rhab4+ 
dammina discreta, Recurvoi- 
des contortus u Psammophax| 
consociata. 


a lecuaHbix — kK rylyOvHam | 
Puc. 3. Pacnpegenenue (bopamunndep no TulyOHHaM B 1000—2300 M, K [IMHUCTHIM. 
ANTap KTHuecKHX BOoWax (B SK3eMIVIApax Ha 50 r ocay- aJI€CBPUTOBO-LJIMHHCTBIM, M@€JI- 
Ka); CleBa — H3BeCTKOBEIX AOHHBIX, Cipapa — nec- KOaJI€CBPHTOBbIM WulaM Kpyni-— 
peepee HbIM aJIEBPHTaM, K  BOHBIM” 

MacCaM C Temmepatypoli 0O—0,5° 

H COJIEHOCTEIO Gomee 34,7°/,,. HsnecrKoppie BHAbI MpekcTapseubi: Cassiduli- 
na subglobosa, Cibicides grossepunctatus, Bulimina aculeata, Gyroidina sol- 


ussicum, Reophax distans, Ammobaculites agglutinans, Saccammina sp., Crib- 
Togoesella bradyi u Haplophragmoides anomalinoides. 
Tpetui maxcumym, OOpas0BaHHBIit TOMBKO mecuaHHIMY BuaMH, IIpHypouen 


K TayOuHam 3500—5000 M, K BOJHBIM Maccam c TemMmepaTypoH ot —0,13 no 0° 
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 COJIEHOCTHIO OKOJIO 34,79/99, K FuIMHHCTBIM H AJICBPHTOBO-FIMHMCTHIM HIM. 
WoT MaKCUMyM OOpa3s0BaH BHAaMH. Reophax margaritarius, Cyclammina or- 
ficularis, C. pussila, Rhabdammina linearis, Bathysiphon arenacea, Ader- 
otryma glomerata, Hormosina globulifera u Cribrostomoides subglobosus. 
- Ha ocHoBaHuu KouIMueCcTBeHHOTO HU KauecTBeHHOTO pacmpefeseHuA AOHHBIX 
pamuHUdep B USy4eHHOM palioHe MOxKHO BbIJeAHTb cuenyroulue cbayHucruye- 
ike 30HEI HW FOpH3OHTEI: CyONMTOPAJIbHaA SOHA 0—500 M, mepeXxOMHbId rOpH30OHT 
¢ 6aTHambHO sone 500—1000 m, 6atuanpHaa 30Ha 1000—2500 (3000) mM, mepe- 
kOWHbI TOPH30HT K aouccabHoHt 30He 2500 (3000)—3500 (4000) m, “ aOuccaJlb- 
yan 30Ha 3500 (4000)—5500 m. Zoubl xapakTepusyloTcA Gosee 6e]HbIM BHJOBbIM 
socTaBoM copaMuHndep, 4eM TlepexofHble TOPH3OHTE!, HO KaKIbIM BU B Ipee- 
max 3OHbI lpescTaBseHn 6OJIbIUMM KOJIMUECTBOM SKSEMILIAPOB. THepexogupie ro- 
PH3OHTBI ONpesesAIOTCA Goulee pasHooOpasHbIM BUOBbIM COCTABOM, HO HeOOJIb- 

(MM KOJIMYeCTBOM 3K3eMIVIApOB KarxKoro Bula. 
ConoctTapsleHve aHHBIX 10 paciipese/eHuto cdopamunudep B AHTAapKTHUC- 
eKux BOfax HU cepepo-3arlagqHow wacTH Tuxoro oKeaHa (1°) moKasbiBaeT, 4TO 
Ha wenmbde AHTApKTHKH W3BeCTKOBHIX (popamuundep B 60, a mecuaHbIx — B 
20 pas Gompie, 4eM Ha imemBbe CeBepo-sallaHOn 4acTH Tuxoro okeaHa; Ha MaTe- 
pi Konbix H OCTPOBHbIX CKJIOHAX M3BeCTKOBbIX (opaMMHNdep B 3 pasa Coville, 
aecuanbie HalifleHbl B paBHbIx xonwuectpax. Ha soxe [Oxnoro okeaHa Tecua- 
. popamunndep B 6 pas MeHBUIC, uem B Tuxom okeane. PnyOunpl ayHucTH- 
lyecKHX 30H B OOOHX paltoHax O4CHD 6IM3KU, 3a UCKJOUCHHeEM cyO6uMTOpaJIbHOM 
onlycKaeTca SHAaYHTeIbHO HWE, jo rayoOr- 


‘30np1. B AnTapKTHKe 9Ta 30Ha 
(pa, Tak HM pacmipeseue- 


‘apr 500 M, To OOycOBIMBaeTCA Kak CTPOCHHEM UIeJIb 


HMeM BOJHBIX MaCc. 
VucrutyT okeaHovlorun TlocrymuJi0 
Axanemun nayx CCCP 10 II 1960 
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Tornxaygn Akayemun Hayr CCCP 
1961. Tom 139, NP 4 


OKEAHOJIO‘H 


‘ueH-Koppecnonyent AH CCCP WM. E. CTAPHK, A. MT. )KAPKOB u A. I. JIMCHLUbIH 


CKOPOCTb COBPEMEHHOrO H NO37HEYETBEPTHUHOrO 
OCA KOOBPA3OBAHHA B IOOKHOM YACTH THXOrFO OKEAHA 
NO JAHHbIM PAXHOYPJIEPOXHOrO METOJIA 


J{o HacTosilero BpeMeHH O CKOpOcTH OcaKooOpa30BaH¥A B 1OKHOH uact 
Tuxoro okeaHa HaKOMIeHbI Orpanvyenuble Januple. Mmerorca HUI ompeyese 
HHA CKOPOCTH HaKOMJIeHHA OCaKOB Ha He Mops Pocca JaHHpe JI. Xay (, 2) 
OMHAKO HEJIb3A CUHTATb HagexHbIMH (*). Kpome toro J]. Xay Onin ony61MKO 
BaHbl JaHHbIe ONpezeseHHH BOSpacTa Ha ABYX APyrHx KOJOHKAX M3 1OKHOL wacT 
Tuxoro okeana (*), HO Kak BbISCHHOCb nosqHee (°), OHA 3 HUX Obila AaTH 
poBaHa HellpaBuJIbHoO. JLA 9KBaTOpHasbHOH uacTtH Tuxoro oKeaHa HMeIoT- 
CH JaHHble, NOJIYYeHHbIe Ha KOIOHKAaX HIBeqckoH sKcnequuun 1947—1948 rr. | 
Ha «<AnbOarpoce» HOHHeBbIM (°) HM paMoyraepo,HbIM (7) MeTrojlamH. 

Jina Wesel HacToslel paOorsl UCMOUb30BaHI MpoOObl LOHHBIX OCaKOB, CO-| 
OpaHuble B 3anaqHow uacru Tuxoro oKeana (TacmaHoBo MOpe) H B WeHTpaJibHOn 
uacTH y Oeperop Uva Bo Bpema TpeTbero pelica Mopcxoii aHTapKTH4eCcKoH 
okcnewuiun AKkalemuu Hayk CCCP ua AusenbaeKTpoxoge «O6b». C momomtpio 
AHovepnatena «OKean-50» (8) Obl noy4eHbI MOHOJMTHI Cc HeHap yleHHOH 
cTpaTuukallueH, uMetoulMe MomlHocTh Jo 16—20 cm. B ipeqesax MOHOJIMTA 
BO BPEMA IIpeMBapHTeIbHOK OOpaOoTKH MpoO na cyfHe OObINHO BbIMeTAIUCh 
2 TOpu30HTa — BepXHHii H HWKHUE,— MA KOTOPBIX OMpeyeeHHe adcovIOTHO- 
PO BOspacTa NPOHSBOAMJIOCh PasfeIbHO. Onpeseenve BO3pacTa BBITOJHEHO pa- 
AMOYTEPOMHEIM METOAOM TO CIIMHTHJVJIALMOHHOK MeTORMKe, ONMCaHHOl panee (°). 

Bee usy4eHHble IpoObl HaxXOAATCA B Mosoce, OrpaHiyeHHoH Cc ceBepa JIMHHeH 
}OMHOPO TPONHKa, a C wora— napasuierbi 40° to. W., T. €. B Mpesemax 1oxKHOTO 
cyOTpomuuyeckoro nosca Tuxoro oKeana. JlOHHBIe OCaIKH B2TOL 30HeE 110 JaHHBIM 
MopcxKok antapKTuyeckoli akcnequnMH AH CCCP IIP€ACTAaBJICHbl H3BeECTKOBLIMH 
(bopaMMuHdepoBbIMH Hamu, a Ha rayOunax cBpue 4500 —4700 mM cmensiotca 
KpacHoH ruiyOoKoBoqHOoH ramon (2°), 

AOcomorHbIi BOSpacT, IpMBeLeHHEI B Tam. 1, BEIEHCHeEH M0 OTHOIeHMIO K 
COBPeMeHHOH ApeBecuue. Bo3pact, momysenubiit Iq MoHOmHTAa onpeleieHHor 
MOWMHOCTH, XapakTepH3yeT CpeHHA TOPHSOHT STOO MoHOmUTa. Hanpumep AA 

Ta6nuna 4 


MlonomKenue mpo6, ux KpaTRKan XxapakrTepuctuKa, BO3PacT H CKOPOCTb OcazKOCOpasoBaHUA NO 
pagQMoyraepoqHoMy MeToyy 


2 wo pees 
S ‘ S Topu3ou- Bospacr ate ss 
3) Koopyunarpt e OnucaHne ocaqKoB ao ks 
- a TbI, CM (roqpt) esa 
Nos 
> as Omoo 
343 37°58’8 10. mI. 1500 Ha atespuroso-rannucreiii, 0—8,3 1490-++-130 2,8 
150°16’0 3. x. H3BECTKOBLIH, cepbili c peyKu-| 8,3—16 1780-140 6,8 
MH OOJIOMKaMU PaKOBUH B Bepx- 
HHX TOPH380HTax 
345 39°38’2 10. m1. 3939 Wa uspectkoppiit (dopamunu- 0—8 7900+170 0,5 
153°44'0 3. x. epospili) cperso-KopuuHeBbIit 8—16 14 750-240 1,0 
3 39°0471 10. Mm. 3228 Ha MeiKoanepputTospiit, u3Be- 0—7 10 210-+290 0,3 
438 109°16’8 3. 2. CTKOBbI, TEMHO-KOPHUHeBHIT i415 11 130-4230 130 
31°17°9 10. Ul. 3955 Mu usBecTKoBo-raunucrpllt KO- 4—12 9470-+360 0,8 
r3 83°43"9 3.0. pHuneBpiit 42—20 11 830-290 1,4 
= 29°13°6 10. I. 3575 Mn anepputosniii, raunucto- 0—5,5 19 710-4570 0,14 
98°33’8 3. 7. opamunndeposniti, xenesuc-| 5,5—10 419 550--570 0,4 


TbIM, TeEMHO-KOpHUHeBIi 


lpumMeyanue, On 
KOMY cocTaBy matepuame. 
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pegemeHue BOspacta MNPOHSBONHJIOCh Ha Hepa3sfeJICHHOM MO rpaHyJOMeTpH4eCc- 


womuta O—8 cm craniuu Ne 345 Bospact B 7900 eT OTHOCHTCA K TOPH3OHTY 
OM, CJleOBaTeIbHO CKOPOCTb ocay\koo6pas0BaHuA, B aHHOM CJlydae paBHa 
5 cm B 1000 ner. Takat 2e MeTOAUKAa TIPUMeHAIACh pahee aMepHKAaHCKHUMH 
topamu ("). 

| PaccmaTpuBaa TMoulyueHHble peSyJIbTAaTbI, MOXHO Tpexye BCerO OTMCTHTb, 
(0 CKOPOCTh OCANKOHAKOMVJICHHA B 30He KapOOHATHBIX OCAJ\KOB 10x%KHOM WacTH 
xoro OKeaHa MO/BepxKeHa SHAYMTEIbHBIM H3MCHEHHAM B 3aBHMCHMOCTH OT (pu- 
(ko-reorpacpHyeckux ycnopuli. Tak, Id BepxXHero TOPH30HTa OCAAKOB B 00- 
\cTH JlO%KAa OKeaHAa M TylyOOKOBOAHOM YacTH TacmaHoBa Mops OHa KOvleONeTCA 
- Ta6Onuna 2 


~ 


f Tpanysomerpuueckiul COcTaB HSyHeHHbIX mpo6 ocaykKos (B TIpoleHTax) 
ef @MpakuHu, MM 
= Topusout, Md, s 
ES cM Qu 0.05 | Os0t— | 0,01— MM ‘ 
Z 0,4 | Gos | 0,04 §,005 | 6,001 | <0 
Ps 3438 0—8,3 2,38 46,19 | 27,38 18,18 47,42 48,44 | 0,0085 3,9 
~ 8,3—16 4,58 18,96 | 23,33 20,48 6,42 26,26 | 0,009 6,6 
5 345 0—8 5,49 22,46 16,86 23,18 6,49 25,84 0, 0087 1,3 
Fr , 8—16 ORO Ae laytl 16,86 23,08 6,43 24,46 | 0,0095 4,8 
423 0—7 7,20 49,20 | 24,20 44,85 3549 “esp ily 0,005 2,65 
7—15 20,78 44,95 46,70 Lg Savi 
’ 438 4—(2 A 50 4,50 hoya (3) 59,33 7,25 41,66 | 0,009 Arad 
, 1a feeb le 6264, |) 425 70) 9,16 | eat, 61" 
{ 5,5—10 5,0 41,43 | 9,52 | 74,05* 
P / 
; 


* CymMMa pakuuu MeHbIIe 0,01 mM. 


ir 0,34 n0 0,84 cm B 1000 ater, T. e. B 2—3 pasa. Ee 6oibulad aMiIuTya Koue- 
jaHuM CKOPOCTH COBpeMeHHOrO ocalkoo6pa30BaHuA MosyyaeTca Ip CpaBHeHuH 
ipoO, MOMyYeHHEIX C OKA OKeaHA HC MaTepHKOBOPO CKJIOHAa OH3 6eperos AB- 
pawn, re CKOpoOcTb ocalkoo6pa30BaHHA AIA BepXHero CJIOA ocalouHon TOW- 


au (0O—8 cm) KomeOneTCH B 8 pas. OO- ay a 
paiaeT Ha CeO BHUMAHHE TAaK2Ke OUCH ASHES Ua 
JObINON AOCOJOTHDIM BO3paCcT HM3Be- Xumuueckuii cocTaB U3y4eHHEIX mpo6 
MTKOBUCTEIX OCaKOB,  MpeCTaBJs10- MOPCKHX OCaqKOB (B Mpouentax) 
aux BepxHult ropw3so0nT cr. 1-3, OH Ha- 2 a 
MHOrO GovIble BO3pacTa HW KHUX COCR i & 
5 5 Q = 
OcalKoB ¢ Apyrux CTaHIM ug 9TOTO KE — = | ropsour | CacO,| Copr 2 ; 
Paitiona (NeNe 423 u 438). BepxHuli ropu- 8 3! 
BOHT OCaKOB C STO CTAHIMK MOXCT z ZA S 
ObITL TepeMelliaH YepBAMH-HJIOeaMH, Ha 
0,3 
'uTo OOpaulay =BHUMAHHe MHOTHE WC- 443| wepx, | 75,62) 1,42 | 1,26 | 22,57 
fenenopatemu (14), OMHaKO CJIeEMOB STUX 345) Ber 64,23 } 0,37 | 1,37 | 34,44 
« 193 | nepx, 0-8| 89,69 | 0,23 | 0,18 | 9,95 
yeppeli B TOsIe OCaKa He OTMeNaeTCA. 438 | Bepx | 3,98 0°31 | 4.42 | 63,64 
1-3 | pepx, 0—5| 73.35 | 0,19 | 0,35\| 26,44 


Bouiee BepOxTHO, Ha Halll BSAA, Mpel- 
flovlowkeHue O MepeMelIMBaHHM BepXHero 
COA OCAKOB C STOH CTaHIMH JeHCTBHeM BOJIH ILyHaMH, 
perop Unni. 

_ Pacnosoxenve cTaHIMH NoKa3aHo Ha puc. 1. 
| Jive mpoosi u3 sanatuot uacta Tacmanopa MOpa (cm. ctranwun NoNe 343 i 
845) umocTpupyioT H8MeHeHHe CKOpOCcTH ocalkooOpa30BaHuA Mo Mepe ylaJie- 
‘Husa OT GeperoB KOHTHHEHTA B OTKPbITOe MOPE. TIpo6a ocaaka co cTaHItHH Ne 343 
Tipelctapsset coool #KeITOBATO-Cepblii MATKHH aJIeBPHTOBO-TvIMHUCTBIM W3Be- 
-CTKOBbIIi (bopamunudepoBbiit) Hs (no Kmaccupuk alu Vucrutyta okeaHoJlorMu 
AH CCCP (#*)). OchoBHaxd yacTbh ocaKa mpeicTapiena TleMHTOMOPHBIM KaJIb- 
MTOM, OOPa30BaBIUMMCA, T0-BHAMMOMY, 3a cueT paspylleHHs cbopamunuep. 
Jlanupie 0 rpanyJloMeTpw4yecKOM WM XHMHUCCKOM cocTaBe OCaKOB CBe/\eHBI 
B Tad. 2, 3. CraHiuA Ne 343 pacnooxKeHa B HuKHeH YaCTH MaTepHKOBOTO 


-ckjioHa, re He UCKIIOUeHO BJIMAHME ono3HeH CyCHe€H3HOHHBIX IIOTOKOB. 


B pwxHUx C10dX JHOUepMaTeIbHO! MpOObI OCaMOK COMep2KUT 3HAYHTeJIbHO OOVIbIIe 
cpep. Hukakux 


“«KpymHoro mecuaHoro MaTepHaia, cocTtosilero 43 dopaMHHH 
Oia 


TIPOXOAMBIIMX OT O€- 


| 


MTOJOPMYCCKHX MPH3HAKOB MepeoTOKeHUA -ocalKa B palione craniuu No 
He OTMeuaeTCA, B CYXOH NpoGe npocuiexkUBaeTCA.CIaOO BbIPaKeHHad CJIOHCTOC 

Tipo6a co crantuu Ne 345 nonyyena c si0x%a Tacmanopa Mops. Ona TaK 
pelcTaBsdeT COO CBeT/IbIli KPeMOBbIii a/eCBPHTOBO-TIMHUCTHIM H3BECTKOB 
(bopamuundepospiit) ui. Wnrepeco OTMeTHTb ¥TO Tak 2Ke KaK M Ha CTaHUL 
No 343 B HWKHUX TOPH3OHTax JHOYepMAaTeIbHOH MpoOOb! 34ecb MOBbIMAeTCA 
ylepkanve KpyNHOameBpHTOBOrO M NecuaHoro MaTepHasa. OOpaulaeT Ha ce 
BHUM@HHe CXOJCTBO Kak rpaHyJIOMeTpH4eCKOrO, TaK M BellleCTBeEHHOTO cocTa 
ocalKoB, MomyyeHHbIx co cTaHHi NoNe 343 u 345, uTo cBuseTeNLCTByeT 
OMHOPOMHOCTH yCNOBHit OcalKOOOpasoBaHUsA BO BCeH STOH OOWIMpHOK OOmacT 


Puc. 1. Cxema pacnouoxenua craw c ompeyesweHvem BOspacTa ocazKoB no C4 


Tpo6a Ne 423 nomyyena Ha paspe3e oT Geperop AnTapKTHAbI Jo oO. Ilacxu. 
Ona mpescTaBiseT co6oH KpaCHOBaTO-KOpH4HeBbIN aJIeCBPHTOBOFIMHUCTHIM M3- 
BECTKOBbIi ((popaMHHHdepoBblii) uN, IpHuem comepxanHe CaCO; B STOH mpobe 
coctaBiaeT nouTH 90%. Paiion craniunu Ne 423 HaxoquTca Ha OrpOMHOM yaJieHHe 
OT MaTepHKOB HM M0 FreoOJIOrM4yeCKOH OOCTAHOBKe 3e€Cb MOMKHO OKHMATb OUCH 
MaJIbIX CKOPOCTeH OCaKOOOpa3s0BaHUA, YTO HM HALO CBOe NOATBepKAeHHeE B aH- 
HbIX, MOJLYYCHHEIX NO palMoyrsepoqHomy metTofy. MutTepecHo OTMeTHTb, 4YTO 
CKOPOCTb HaKOINJICHHA OCAIKOB JIA BepXHero csoA cTaHuMM Ne 423, ompesemen- 
Had Hamu B 3, 4 MM B 1000 ser, OIM3Ka K CKOPOCTH, OlpeseeHHOK AIA cbopaMu- 
HUepOBbIX OCAJKOB SKBATOPHAaJbHOH 30HbI THxoro OKeaHa MO HOHHEBOMY Me- 
Toly 3—5 mm B 1000 aer (°). Takum o6pa30m, ckopocTb ocayqKoHakonJeHuA 
or 3 fo 5 MM B 1000 ser oKa3bIBaeTCA BECbMa THMMUHOM JIA BepXHero CJIOM (Popa- 
MHHM@epOBbIX HJIOB ICHTPaJIbHbIX YacTeli IKBATOPHaJbHOM M TpomMuyecKkor 
30HbI Tuxoro oKeaHa. 

IIpoosr V'-3 u Ne 438 nomyuenpt Ha paspese or o. Ilacxu k Oeperam Unau u 
HaXOMATCH B 30HE BOSMOXKHOFO BOSLeHCTBHA WyHamu. Ocaylok co cTranuun I-23 
MIpecTaBsAeT COOOM TeEMHO-KOPHUYHEBHI aJIeEBPHTOBO-FIMHUCTHIM M3BeCTKOBBIM 
(popamunudepospiit) m1. 

Ha cranuun Ne 438 nomyyena npo6a TeMHO-KOpM4uHeBOrO TIMHMCTOFO U3Be- 
CTKOBOrO ((PopaMMHNdepoBoro) Hla C OYEHb HEOOJIbINUM COMepxKAHHeM I[e/IbHbIX 
PaKOBHHOK *bopamunudep B KpyNHOaTeBpHTOBO u MecuaHoh cbpakunMu. Ocazor 
COACPXKUT HE3HAYNTEbHYIO NIPHMeCb CHUKYJI Kpe€MHEBbIX TyOOK, a TaKXKe BYUJI- 
KaHOreHHOrO MaTepHasa. Kononka JJIMHOK 222 cm, NOyYeHHad Ha TOM 2Ke CTAH- 
WMH, MOKasajia OTCYTCTBHE BUAMMbIX IIPH3HAKOB Pa3MbIBa HIM TepeMellleHHs 
OCaKOB, CJIOM BbIPayKeHbl 4eTKO. 
ie 


i 

o3pacT HWKHerO OTpe3ska MOHONMTA ANA 6ouIBIUMHCTBAa T1poO oKa3saJicA 
uskum K 11—12 TuIc. ver. Paylom aBTOpoB OTMeyaIOCb paHee, HTO HMCHHO B 
wr TlepHoyl B ceBepHolt ATaHTHKe MMeJIO MCCTO pe3koe BospacTaHHe CKOpocTH 
aj\kooOpasoBaHua — 0 Kpalinelt Mepe B 2—3 pasa, a AIA TJIMHMCTOTO MaTe- 
aja — Jake nour 8 4 pasa(**). Payom vecmelopannit Just cepepHol AT1aH- 
ku B nepvom oKoNO 11 THC. AeT Ha3aq MOKAasaHbl TakyKe pe3skve H3MeHeHHA 
mata (i426), TlonysenHbie HaMH AaHHble 3 1OxKHOTO MOyWapHA MOKasbl- 
aioT, UTO AeHCTBUTeC/IbHO BO BCCX Ipo6ax, OTHOCHINMXCA K STOMy BPeMCHH, 
KOpOCTh OcaKooOpasoBaHuA BospacTaia B 2—3 pasa, NPHYeM Bo3pacTaHue 
KOPOCTH MpoucxoAMJO oco6eHHo OBICTpO B MepHoy 8—9 THIC. MeT Hasan. Vute- 
CHO OTMETHTb, ATO TIPHOMH3UTEJIbHO B 9TO 2Ke BPEMA, B Hosoi 3emanyquu AMesH 
lecTO | 3HaUHTeJIbHbIe H3MeCHeHHA YPOBHA MOP#, KOTOPbIe CBABSbIBAIOTCH 
| oseeHenuamu (8). Yckopenue KapOoHaTOHaKOMeHHA B TPomHyecKOH 
facta AtjanTuuecKoro oKeaHa CBA3HIBaeTCA C HocekHel chaso BIOpMCKOTO 
menenenua. JlaHHpie 3 1OxKHOTO OMyWAapUA WOKasblBaloT, YTO B STO IKE 
ypeMsal UB wOxKHOM yacTH Tuxcro OkeaHa HMev10 MecTO pe3KOe MOBbIINeHHEe 
ATCHCHBHOCTH OcaxKeHus OvoreHHoro (popamunucepoBoro) KapOoHaTa KaJIb- 


iva. Takum oOpasoM, nocieqHad cTaluA BIOPMCKOrO OvleeHeHUA — OKOJIO 
i THIC. eT Ha3aj| — OKAasbIBaeTCA CHHXPOHHOM JIA CeBePHOTO. (9KBaTOpHasIb- 
daa ATjaHTuKa) M JIA }OxKHOTO (Tuxuit oxean u TacMaHoBo Mope) Movtymiap Hn. 
|e BLIBOL MOATBepxKLaeTca Takxke pAOM undp mo a6comoTHOMy Bo3spacTy 
apOoHaTHEIX OCaKOB H3 cepepHolt H 10xKHOM “aCTW Vunuiicxoro oxeana (**). 
31 xe MaTepuasbl U3 Vinulickoro oKeaHa MoKasbiBaioT, 4TO B MepHor BpeMe- 
fu 30—40 ThIC. meT Hasaf CKOPOCTD KapOoHaTOHaKOMJIeHUA BHOBb yMeHbIUMJIaCcb 
Mo cpaBHeHHIO C MaKCHMYMOM OKOJIO ll ThIc, meT HasaJ. 
_ Takum o6pasom, BCe MMeIOIMeCA JlaHHbIe MOKa3bIBalOT, YTO HHTCHCHBHOCTD 
\OvoreHHoro KapOoHAaTOHAKOMVICHUA B TPONMMeCKOH UH, OCOOeHHO, B cy6Tponuye- 
‘CKOH 30He OKEAHOB Pe3KO MeHAeTCA B 3ABHCHMOCTH OT OsleqeHeHHi. Tak, B Tpo- 
qraueckoit ATmanTuke Np MOHWKCHHH TemnepaTypbl Boy ¢ 84 Jo 74° @MapeH- 
“pelira CKOpOcTb KapOoHaTOHakoneHus TOBBICHacb B 2—3 pasa (1%). OTa CBA3b 
JlocTaTouHO COKHA, 3ABMCHT OT KOHKPCTHBIX yCNOBMi H ocMaOAeTCA B SKBATO- 


t 


PplaIbHOH 3OHE. 
 Tlomyyenubie 2aHHble 0 aOcouIKOTHOMY BO3pacTy OCa/{KOB OTKPbIBAIOT TakwKe 
O0JIbUIMe BOSMOXKHOCTH JIA BbInCHeHHA AOCOIOTHBIX Macc KapOoHaTHOro: 06- 
“joMouHOro MaTepHasa, ocTytaroulero Ha pasHbBIe yuacTKu okeaHuueckoro AHA 
‘3a 1000 ner (°), 4TO MO3BOJIMT BEIACHHTh CKOPOCTD HaKOMeHuA KapOoHaTHOU 
‘wu HekapOonaTHOM uaCcTeH OCaAKOB. Metoy, aOcouHOTHBIX Macc, HCXOJHbIM MaTE- 
pasoM Jia KOTOpOrO CJly2KaT jlaHHbIe M0 aOcOuMOTHOMy BO3pacTy, TlOSBOJIAeT 
“BBIACHUTb OCHOBHbIe 3aKOHOMepHOCTH Mporecca ocayKooOp a30BaHHa. 
PayueBbit HHCTHTYT HM. B. I. Xaonnna Tlocrymusio 
Axanemun Hayk CCCP 4 III 1961 
VucrutyT oKeaHovorMu 
Axanemuu Hayk CCCP 
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7° H. M.CTrpaxos, O6paz0BaHHe OCa,KOB B COBPeMeHHbIX pogoemax, M3y. AH CCCP, 
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Jlokmayur Akajlemunm’ nayx CCCP 
1961. Tom 139, Ne 4 


H. H. CbICOEB 


TENJIOBbIE NMOTOKH OT AHA 4EPHOrO MOPS 
(ITpedcmaeneno axademukom H. M. Cmpaxoeeim 28 X 1960) 


TenoBol NOTOK OT AHa BOMOeMOB MoxeT ObITb paccyHTaH TIpH HawMUn 
AaHHPIX O TeMIepaTypHOM rpaMeHTe B BepXHeM cyloe ocagqkoB. Benegcts 


CYTCTBHEM mpocrou H JOCTATOUHO TOUHON allllapaTypbI H MeTORHKH U3MepeHHu 
PeOTePpMOrpaveHTos. 


BOH Oa3e MHCTHTyTOM CKpunica ODIIH H3MepeHBI TeoTepMnyecKkue rpa 
B THXOM OKeaHe. 

B aprycte 1960 r. Uucrutyrom oKxeanoaorun AH CCCP Ha cemu cran 
WWHsi1X B UepHom mope (puc. 1) ObIIH BEIMOTHeHEI H3MepeHnA TEpMOrpayHeHTOB. 
Jaa sto wer npumensmucp CTaHAAaPTHbIe ONPOKUJbIBaIOWNeCA TepMOMeTpHI, 
MOrpy*KaeMble B HO C TOMOLIbIO IpAMOTOUHO TPyHTOBOM TpyOKu, Ha KOTOpO:i 
OHH YCTaHaBJIMBaIHCh B CHeLMaIbHbIX pamax. Pacuer TEMIe€PpaTyPHBIX MOCTO- 
AHHDBIX MPHMCHEHHBIX TPH STOM ONPOKMAbIBAIONLUXcA TEPMOMETPOB OKa3ail, 
4TO Ip O-MMHYTHOH “BbINCpARKE> TEPMOMETPOB Ha 3ajaHHOli riyOuHe TouHOCTE 
W3M€PeHHH TIpv SToM He HMKe 0,02° 

Pesyabrat H3MepeHHH WM BbIYHCJICHHbIe NO HUM BeMUMHBI TepMOrpayMeHTOB 
RPUBeHeHBL B Tau. 1, B KoTOpoli yKagaHBI PaccTOAHUA MeCT 3amepa OT JHa. 
Bepxunii TEPMOMETP IIPH STOM HaXOusICA B Boe, a 1Ba HMKHUX B BePXHeM | 
4-MeTpOBOM coe TpyHTa B 2 M OMMH oT jpyroro. 


Ta6Oanua 1 


Pesyabratnr HaOso ennui TeMNepaTypbl B 30He BOLa—rpyuT UepxHoro mopa 
B aprycte 1960 r. 


Msmep. T-ppt rpyuta | 
= H3mep. T-ppt Boni 2 
4 ey 1-H ropusonT 2-H ropH30HT & 
2 ze es 
5 i= paccT. OT} v-pa | paccr. or T-pa | paccr. or | T-pa, ES 
s a qHa, M °C ua, M °C Ha, M &¢ had) 
a 
4742 2179 Zi 5s ors 0,5 9,45 200 Oe 0,03 
Foe WATE P32, 25.0 4-05" be Iho Wea 3,0 | 97221 0/045 
4751 2216 1p 2) 9,10 iO) ) all 4,0 Ora2 0,055 
we 2170 — = 1,8 0,187) Oh ars 9,31 | 0,065 a 
cS - 2197 1,75 9,41 als) 9,20 Sao) 9,29 0,045 
4752 | 2497 aS) 9,10 — — 3,75 | 9,33 — 
2798 | 1840, 1625754 19°06 | 80.5 9,4 2,5 912° | 40:05 
fiO4 ) 1200 51902, 5) adn Gg eone 9, 09) Sos: INE ale at 
4754 | 1300 Pe 252509602 14 4.6 9,1 3,0 9,19 | 0,045 


a PHMe4aHH e. H3mepenua NPOUSBeReHbI C NOMOWbIO NpamoTouHOH TpyHTOBOoL 
nevceueeoran Oko0 250 Kr cranqapTHBIMH ONPOKHJbIBAIONLHMUCA TEPMOMeTPaMH C WeHOti 
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| Tio nomyyeHHEIM BeMYMHaM MPOMSBELeHbI BEIMMCJICHMA TEMTOBPIX NOTOKOB. 
yICHETEI IPH 2TOM CJeaHbI No dopmyve: 


Ole 
q = Kae ? 
fle g—bs Kau/cex-cm’, K — B Kaul/Tpal-ceK-CM H aT. rpay/cm. 


| Tlpw 9ToM TenonposoxHocTb TpyHTa B3sTa PaBHOU AA10 (+), -avcpes- 


wii u3 H3MepeHHEIX rpasveHTOB (=) papupm 5-10-4 rpag/cm; oTciola 


an 


= 2-10-® xan/cex -cm”. 

_ Jiaa naomaiu KoTiosnub Uep- 
loro mops (S) (B rpanuuax 1000- 
leTpopoi u300aTbI), KoTOpax paBHa 
60 TEIC. KM?, 


G99 = 5,2-10° a 
= 1,5.104 
‘ ee ho ® Tox * 


| Iipupenzennaa pesmmanna Tel0- 
i noToKa jiua UepHoro mops oby- 
‘MOBIMBaeT XapakTepHoe AIA STOFO 


gofoeMa yBeJIMYeHve TemlepaTypbl C 
PayOunon. Hauvnas npumepHo Cc rnyOunpi 300 m Temneparypa B UepHom Mope 


yBenuunpaetcs Ha 0,1° wa Kawppie 700 Mu AocTHTaeT Ha rayOune 2,2 km 9,12°. 

IlpeacTapmenve o TOM, ¥TO HaGNIOMAalIOULHECA B UepHoM MOpe MOBbIILeHHA 
TemnepatTypbl c ryOuHol OOycuOBJeHbl NOCTYIWICHHEM TelJIbIX BO u3 bBocdo- 
pa, Kak foKa3aiM paoTbl, MpOBeseHHBIe B 32-m pelice «BuTasa» B aBrycTe 
1960 r., HeBepHo. 

Tloctynarome B Uepnoe mope uepes mp. Bocdop Temspie BoAbl nepeMeuii- 
BaloTca B Mpemeax npu6cc@opceKoro menbda, M TemlepatTypa BOA TOBDILUEH- 
(How comenocTu (>>22,3°/,,) 3a NpeqesaMu 8-MMJIbHOM MpHOocdopcKOh 30HbI He 


‘MpeppumaeT 8,9°. 


Zz, Puc.. 4 


ViuctutyT OkeaHOJIOTHH Tlocrynuao 
19 X 1960 


Axayemuu Hayk CCCP 


| I[MTHPOBAHHAA JIATEPATYPA 


' 17. Kei, T. Jia6u, Cnpasounnx du3nko-9kcnepHMeHtaTopa, WI, 1949. 
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Jlokxann AKawqemun Hayr CCCP 
1964. Tom 139, No 4 


IT AJIEOHTOJIOTH 


MW. M. TPOMOB u A. H. WWEBYEHKO 


TYWIKAHUNKH (RODENTIA, DIPODIDAE) H3 KY AJIBHHLK UX - 
OTJIOWKEHHM FOrA YKPAHHBI 


(IT pedcmaeaeno akademuxom E. H. Ilaeaoecxum 22 III 1961) 


Jlerom 1960 r. A. HW. Wesyenko Opin BnepBbie OOHAaPyKeHbI MCKOMAeMbI 
OCTaTKH MeJIKUX MO3BOHOUHBIX B KYAUJIbHMIKUX CJIOAX OMOPHBIX OOHAKeHH 
3TOrO BpeMeHU BOUBH Fr. Onecchl: GeperoBom o6ppiBe Uepnoro mopa y c. KpppKxa 
HOBKM M OBparax mpaporo Gepera KysbHULKOrO JIMMaHa Ha TeppHTOPHU OHO 
uMeHHoro Kypopta (4). Hlocne cpaBHuTebHoH mpopa6oTKH MaTepHasia Obl 
yCTaHOBJIeHO, 4YTO KOcTOUKU Dipodidae npHHagwexaT [BYM HOBbIM BHAaM IIATH 
MaJbIX TyWIKaHuHKOB u3 poma Allactaga Cuv. u Alactagulus Nehr. (?) * u Ho 
Bomy pony (Plioscirtopoda gen. nov.) H Buy TpexnasbixX TYyWIKaH4HKOB. 

B MHOMeHOBLIX OTJIOMKeHHAX TEPPpHTOPUH eBponelickow uactu CCCP octTaT 
KH NATHMAaJIbIX TYWIKAHUHKOB peKH, a TpexMaJbIx He Obl HalfeHbl BOBCE 
Tlepppie u3BecTHEI B «payne» y c. Kaupbi Xepconcko o67., oTKyja ompefese 
3y0 Paralactaga Young (°) mu m3 okpectuocteli c. Horaticka 3anopomcKonH o6J. 
rye Halifenpi KocTu Allactaga (7). OmucpiBaemple 3/eCb BUbl — HOBbIe Ba?KHBl 
SBCHbA B SBOJIOMMOHHOM pxyly cemelicTBa. EcTb Takxke BCe OCHOBaHUA CUHTATS, 
4UTO OHH ABATCA PYKOBOAAWIMMM [JIA BePpXHEeMJIMOMeHOBLIX — HM KHeIIeHCTO- 
W€HOBHIX OTJIOXKEHHM IOKHEIX PaHOHOB eBpONeHCKOH uacTH Corsa. 


Ilogcem. Allactaginae — Ilatunanie Tyuikanunku 
Allactaga ukrainica 1. Gromov et Schevtchenko sp. n. 
Puc. 1 a—e 


Yonaotun. Vs0nuposanupit npappiii nepetuuit 3y6 HuxHei uemocTy 
(M,), Ne Kp. 2—1 8B konmexunu Uucrutyta reonoruyeckux nayk AH YCCP 
(HTH). Coops: A. V1. Wesuenxo u V1. M. Tpomopa, 1960. Pasmepsi (3mecb u fa- 
Jlee — HanOoJIbuiMe): JIHMHa 10 KopoHke — 3,0 mM; wiupuna 2,2 mM. 

Tlapatunu. passe M, (qnuna 2,85 mm, mupuua 2,0 mm); sesprt Me 
(qiuna 2,8 MM, mupvna 2,0 mm); mest M? (qmuHa 2,75 mM, wupuHa 2,25 Mm). 

BospacT wu MecTOHaxoxeuHMe. IInuouen (KysbHUIKOe 
Bpema). Tum m3 okpectTuocteit c. KppixanosKu; oOnaxKenue Geperosoro ycryma 
BOcTOUHee OaJIKM C OOMeECTBeEHHEIM Kosogtem. Kpome toro — o6HaxKeHHA B 
OBparax mpaBoro Oepera KysmbHHUKOrO wHMaHa. 

Auaruos. Pasmeppi— kak y coppemenuoro Allactaga saltator Eversm. 
OT coBpeMeHHBIX IIpescTaBuTesel STOrO pola oTMMUAeTCH HeMOMHEIM pasobute- 
HHeM TlepeHeH Hapy2KHOU NeTau (poToKoHNsa) ** oT HapyxKHOM mpomMexyTOU- 
HOU (ipoTHBomlnopa). Tlocne camaHua Mexy co6oli mepesqHuX Tete (TIpoTo- 
KOHHJla M MeTaKOHUJla) B UX OCHOBAHMH, a TakrKe repe/He-BHYTPeHHeli H3 HUX 
(Merakonuga) c nepequei nerueli BHYTPeHHeH «BUMIKU» (WIMOpoOH MesocTHIMAa), 
OcTaeTCH 3aMKHyTOe yruyOJleHHe OBaJIbHOH QOpMbI, JHHHAA OCb KOTOpOrO 
PacnoNOKeHa NOM OCTPbLIM YIVIOM K MpOJOMbHOM ocH 3y6a. 


es OnucriBaeTca B Apyrom mecte. 
Sylecb HW Jlayiee OOHTOMOrUuYeCKaR TepMuHosorua tio C. Ulay6y (°). 
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Teonoruueckue H TAaPOHOMHUeECKHE AaHHbe. Oc- 
aTKM U3BJIeUeHbI 3 AJIIOBMasIbHO-JIMMaHHBIX OTsOKeHHH. OkpacKka 3y6oB — 
T CBeTNO- 0 TeEMHO-KOpMuHeBOH C TosyOOBaTbIM OTTCHKOM;, YaCTb UX HOCHT 
BCTBCHBEI€ Cefbl OKATKH. 3flecb 2Ke HafifeHb! 3yOnl noweBok p.p. Dolomys 
lehr. u Mimomys Hint., mpumeii — poset Apodemus Kaup. u Parapodemus 
ichaub mu gp. 

'Onucanuve HCpaBHUTeAbHHe 3aAMeUAHH A. Crpoenne 
keBaTesbHOM NoBepxHocTu xapakTepHoe ja Allactaga: Mj—c AByMs HampaB- 
[CHHLIMU Biiepel MeTAMH, a He C TpeMA KaK y MCAKUX NATHMAbIX TyWIKaHuH- 
top Alactagulus u Pygerethmus Glog.; M, — Meco ciBoeHHbIMH CpesHeBHyT- 
JeHHUMM, OOPasyIONIMMu XapakTepHy!o «BUIKy». OTMuMA OT MpeycTrapuTeseh 


her par 


Rae ow 


ows 


 puc. 1. 3y6st HcKonaemoro naTHnanoro TyumKaHuMKka Allactaga ukrainica sp. n: a — 
nepequni HHKHHI KOopeHHo (Mj), ronoran, NeKp 2—1 Kona. MTH AH YCCP; ¢ — 
TO 2%Ke, mapaTun; e@ — BTOpoli BepxHHui KopeHHoH (M?), mapaTun 


‘61M3KOrO lmMoweHosoro pofa Paralactaga Young: Jia Bcex 3yOoB — Goulee 
‘BLICOKad KopoHKa; ia M, — camBulMeca CBOMMM OCHOBAHMAMM HepeqHue MeT- 
JM, BHYTPeCHHAA M3 KOTOPbIX CMBaeTCA TakxKe M C OCHOBAHMeM Mepelue Mev 
BHYTpeHHeM «BUIKH»; Ain Me — otcyTcTBve Oa3aIbHOrO OyropKa B OCHOBaHHH 
HapyxKHbIx OyrpoB; Aaa M*® — Hanwuve yeTbipex, a He Tpex KopHel. 
Tio o6temy nuiany cTpoeHus nerenb »KeBaTebHOK oBepxHocTu A. ukrai- 
mica sp. n. 6mmKe K Masoasuiickomy TyuikaHunky (A. williamsi Thomas), 
gem K A. saltator. CxofcTBO 3aK110UaeTCA B 3HAUHTEIBHOM WIMPMHe paccTaHOBKH 
KOHIIOB OGeMX MepeHUX MeTeIb, KOTOPble, OMHAKO, MeHee ACHMMETPHUHbI, YeM 
'y COBpeMeHHOM (opMbI, a TakxKe B CTPOCHMH 3aHeH eT (runoKoHuja). Pas- 
muna (KpoMe yKa3aHHEIX B JMarHose) OT OOONX BULOB: Aa M;— Oonee MeuiKas 
‘gajlHe-HapyxKHaA BXOMAMad CKalKa, OTUerO NpoMexyTOUHbI OyropoK ci1adee 
‘o6oco6leH, U Gomee 3HAUMTeEILHAA TOMMMHAa KOpHei; Aaa M* — oTHocuTeJbHO 
Goee JWIMHHAd HapyxKHaA cTeHKa 3afHel uacTu 3yOa, OOpasylonlad OnusKnit 
K IIpaMOMy yroJI c ero HWXKHHM Kpaem (y COBpeMeHHBIX (opM STOT yrow ualle 
OCTPBIi). 
Kpome BepXHeIIHONeHOBLIX OTJIOXKEHHH a30BCKOFO MoGepexKbA OCTATKH Al 
‘jactaga w3BecTHBI u3 paHHero muelicrouena TuxonopKku (SamopoxcKas 0O.1.), 
orkyna lO KOCTAM CKeJleTa ONpelesIeHbI KpyiHad HM MeIKad POpMbI sTOrO pola 
‘Allactaga ex gr. jaculus u A. ex gr. severtzovi—saltator (*). [losaHee O1uaKue 
K COBPeMeHHEIM BHaM COpMbl yKa3aHbl JIA pala MeCTOHAXO*eHHH, B TOM 
uucne A. jaculus Pall. u 3a mpeyzenamu rpaHuml ero COBpeMeHHOrO apeawia. 
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Hogcem. Dipodinae — Tpexnaupie TyuikaH4unku 


Plioscirtopoda stepanovi I. Gromov et Schevtchenko gen. et Sp vile 


Prer 2d. °C 


Tonotun. M30nupopaHHpll seBbli mMepeqHHH KOPeHHOM 3y6 BepxHe 
yemtoctu (M'), Ne Kp. 2—7 B Kosnexuuu WTH AH YCCP. Coopri A. HW. eq 
yenko HM. M. Tpomogpa, 1960. Pasmeppi: mua no KopoHKe 2,1 MM, WWHpHHh 
1,7 MM. 

Bujopce Ha3BaHHe JaHo B ¥eCcTb OfeccKoro reosora B. B. CrenaHosa, MHOT| 
JIleT TMCCBATHBINCTO M3YYCHHIO KYAJIbHAWUKUX OTJIOXKeHHH. ; 

Tlapatun. Vs0nupopannpl seppii M?. Pasmeppi: 1iHHa NO KOpOHK| 
2,05 mM, wiMpvHa 1,7 MM. | 

WuarHo3 poxa u Bua. Pasmepy u oO NaH CTpoeHuA KeBa 
TeJIbHOH MOBepXHOCTH — KaK Y CCBPeMeHHBIX TYWIKaHYMKOB pojla Scirtopod 
Brandt. 3y6 cuabHee BBITAHYT Jj 
JWIMHY W OTJMYAeTCA CBOMMH Mporop 
WHAMH; IWHpWHa ero cocTaBusae) 
78,6%, Torla KaK y COBpeMeHHBI)| 
Scirtopoda u Dipus Gmel. o6a npo: 
Mepa IIpHOJIM3HTeJIbHO paBHBl. | 
pyKHad HW BHYTPeHHAA BxOAANINE 
CKJIAIKM 3HAa4HTeIbHO PiyOKe; KOH) 
Iibl NeTeJIb CHJIbHEe MPMocTpeuH!, me-| 
peMbluKa MEK LY NepeTHHM HW 3a],HHM| 
oTJeuamMu 3y6a (MeTaKOHYCOM H IICceB 
JLOTMMNOKOHYCOM) JWIMHHee, 4¥eM y JIIO- 
Puc. 2. 3y6bi Hckonaemoro Tpexnaoro TymkaH- ObIX JIPYTHX MpescTaBuTeteu mojice 


uuKa Plioscirtopoda stepanovi gen. et sp. n.: weficrpa: NepeHAA BXOMAILAA CKa 
a — epeqHu BepxHHH Kopenuon (M1), roso- aS oatens A 


run, Ne Kp. 2—7, kon. TH AH yccp;, a Bbipakena cMIbHee HM ycTyn Ha 
6 — BTOpoit BepxHHii kopeHHon (M?), napatun MepeTHeM Kpae ReBATeJIBHOH NOBep- 

XHOCTH 3y6a Ooslee OTYETIMB; CHJb- 
Hee OOocoOJIeH TakxKe BHICTYNAaWMHH yroul Ha ero 3afHeM Kpae. 

Teonoruyueckune u- Tahomomut cemne wan uber sie 
*Ke, uTO HU MWA Npelbilyuero Bupa. 

OnucaHyve H CpaBHHTeAbBHHe 34AaMECUAHH SA. Koponka 
M* cpaBHHTeJIbHO BbICOKaN. CooTHOMeHve B pasMepax BCeX 4eTLIPeX KOPHeH — 
Kak y Scirtopoda, HO 3aHe-HapyXHBIM KOpeHb Ob MOO JBOHHSIM (Ha MecTe 
CJIOMa HMeeTCA [Ba OTBEPCTHA AJA HEPBOB), HOO CO CJIEQOM NpOAOMbHOrO cpa- 
cTaHHs; y COBpeMeHHEIX Scirtopoda Ha 9TOM MecTe OJMH MpocTol KopeHb. M’ 
TaK2KE HECKOJIDKO Oovlee BLITAHYT B JWJIMHY, a BXOJAULMe CKa,KM 3aMeTHO JIMH- 
Hee HW rsayOxe. 

OcTaTKH KPYIHBbIX TpexMasblxX TyLIKaHUnKOB (1aHHa M? 3,0 mM) muo-nsHo- 
I€HOBOrO BO3PacTa U3BECTHEI sIMMIb c ceBepa KHP. Onn rpunadexkart pony 
Plesiodipus Young, KoToppiii cOmm«KaioT c pogom Cardiocranius Satunin (* 
WJIM ake OTHOCAT K Apyromy cemMelicTBy — WCKOMaeMbIM XOMAKCOOpa3HbIM Ppl 
3yHam Cricetodontidae (°). Ha tepputopuu CCCP octatku Tpexmaabix TyWIKaH 
4YHKOB JO HACTOAMErO BPeMeHH ObLIH H3BECTHBI TOJIbKO H3 MJI€HCTOLMCHOBbIX OT 
oxeHHH (poyet Scirtopoda u Dipus). 

Msyuennple MaTepHadibl, BKJIOUad H YNOMAHYTHIe BbIe octaTKH Alactagu 
lus (?), NO3BOMMIOT CUNTATh, YTO 06a OCHOBHbIe HalpaBJeHNA cmelMalnsallut 
B CTpoenun 3y6op Allactaginae ye k Hauany MelcToleHa NpuBesu K cbopMu 
POBaHHIO UX CTPOeCHHA, CBOMCTBEHHOTO, C OLHOM CTOPOHbI, COBpeMeHHOMY poj/y 
Allactaga, a c apyroi — menxum cbopmam poops Alactagulus u Pygerethmus 
OJHOBpeMeHHO, BO3MOXKHO AO KOHIMa MAMOMeHA, MpOMomKaa CyUIeCTBOBATH | 
Coulee NPHMHTHBHASA BeTBb NloscemelicTBa — pow Paralactaga. Apnaetca mu Ta 
KoBol cpeiu Dipodinae TakxKe MH ONHCbIBAeMBI 30ecb Tpexnavblil TyWIKaHUHt 
Plioscirtopoda, o,HOBpeMeHHO C KOTOPEIM CYULECTBOBAIH yKe U 3HAYHTeIbHC 
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aglee SBOJIIOILMOHMpOBAaBINIHe B OTHOLICHHK CTpoeHUA 3YOOB COBPeMEHHBIC POsEI 
ipus u Scirtopoda,— nokaxky?T fasbHeMuIMe HaXOAKH. 


Tloctynusio 


BoonornueckHii MHCTHTYT 
' 18 III 1961 


Axayemun HayK CCCP 


Viuctutyt reojiornueckux HayK 
Axajemuw HayK YCCP 


WATMPOBAHHAA JIMTEPATYPA 


ip. C. BuuHorpagos, M@ayna CCCP, 3, 4, HoB. cep. [Gy Mea Jl A Se 
. O. Tonauescekul, Tp. Vucr. 3001. Akan. nayk YPCP, 14, 141 (1957) 
O. TonauescpKkuin, Jlonos. Akay. nayk YPCP, Ne 8, 898 (1959). * A. H. Me s- 
'€H KO, UersepTuun. nepHog, B. 13, 14, 15, AH YCCP_ i961 c7p. 268. ®S. Se hau b, Abh. 
Schweiz. Paleont. Gesellsch., 54, Basel, 1934. ° 5S Schaub, Traité de Paleontolo- 
je, Paris, 1958, p. 659. 


“ 
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Jloxnangn Ankagqemun nayr CCCP 
1961. Tom 139, Ne 4 


IKOJIOFH Ay 


E. E. MAXJIHH 


TEMJIOYCTOHUYMBOCTb FPYAHbIX HOKEK BAU KAJIbCKMX 
rAMMAPH] 


(ITpedcmasaeno akademuxom E. H. Ilaeaoscxum 17 III 1961) 


Vs3yueHue ycTOHYMBOCTH KJICTOK pa3JIHUHbIX MOMKHJIOTePMHBIX  2KHBOTHBIX| 
K J{€HiCTBHIO BbICOKOH TeMMepaTypb! MO3BOJIMIO yYCTaHOBMTb, YTO OCOOM pa3HEIX| 
CHCTeMaTHUeCKH OJIM3KUX BYOB B OOJIbIIMHCTBe CJly4uaeB pa3sIM4aIOTCA M0 Ten-| 
JIOYCTOMYMBOCTH KJIe€TOK, TIpHuemM 9TO pa3/IHUHe HOCHT alanTHBHbIH xapaKkTep 
(‘~*). CpaBHeHve KJIeTOUHOH TelOyCTOMUMBOCTH ONM3KUX BHOB KMBOTHELX M0-| 
3BOJIA€T MOCTaBUTb BONpoc OO H3MeHEHHH CBOHMCTB KJICTOK MHOFOKJICTOUHEIX | 
2KHBOTHBIX B XOJ€ MUKPOSBOJIOLNMM HM O *usOreHeTHYeCKOH alanTalMu %KMBOT- | 
HbIX Ha KjeTOUHOM ypoBHe. JIA BLIACHeEHHUA STOTO BOMpoca BaxKHO MpOBepHTp | 
TIPHJIOXKUMOCTh YCTAHOBJICHHOH SAKOHOMePHOCTH K CHCTeMaTH4eCKMM rpynriaM | 
2KMBOTHBIX, JO CHX NOP B 9TOM OTHOMWeHHH He HCCIeEOBaHHBIM. | 

B HacTosmei paOoTe oOnpeledAuacb TemMJIOyCTOHYMBOCTh KJIeTOK OalkaJib- 
CKMX raMMapHy. BalOop WA MCCeqOBaHHA ITOH TpynMbl Obl OOycmoBseH ee 
HeOObI4aHbIM BHOBLIM OoraTCTBOM (omMcaHo 230 BUOB OalikabCKUX TaMMa- 
pH, OTHOCAIHXCA K 37 pogam (*)), YTO OOecneduBaIO CpaBHUTeMbHY!O JIETKOCTb 
HCCIeqOBAHHA HECKOJIbKHX BUAOB OAHOrO pola. 

Meskue pasMepbl MHOrHX TpescTaBuTesen OalikasIbcKHUX TaMMapHy (uccHe- 
JOBaJIMCb POpMbI pasMepom oT 10 fo 50 MM) 3aTpyAHANM UCCMeAOBaHNe TenJO- 
YCTOMYMBOCTH KaKOH-IHOO M30JIMpOBaHHOH TKaHH, NOSTOMY OMpesesasacb Ten- 
JOYCTOHYMBOCTh WesOro M30JMpoBaHHOrO opraHa — rpyfHOH HOmRKU (nepeo- 
moya). TIpHBoquMble HMKE pe3yMbTATbI OMbITOB MOKa3aIM, 4TO TelloycToHuH- 
BOCTb Te€peONOOB MOMKeT XapaKTepH30BaTb KJeTOUHY!O TelJIOYCTOMUYMBOCTB 
raMMapHn. 

IIpu onpesentenuu TenMOyCTOMUMBOCTH H30MpOBaHHbIX MepeonoloB UCMOJb- 

30Balacb HX CMOCOOHOCTh OTBeYAaTb ABUTAaTeIbHOH peakiweH Ha pa3sipaxKenue 
SJIEKTPHYeCKHM TOKOM, KOTOpasd B JlaibHelilem OyZeT yCNOBHO HMeHOBaTBCA 
BO3OyuMocTHIO. TenIoycCTOHYHBOCTh XapaKTepH30BalaCb BpeMeHeM HacTyIe- 
HUA HeBO3OYAMMOCTH Np WeHCTBHM pa3HbIX TemnepaTyp. Jia OMbITOB HUCMOsb- 
30BaJIMCb TOJbKO Mepeonopl 5-H mapbl, KOTOpble OTpesaucb B MeCTe HX IIpH- 
KpeIWIeHHA K TYJIOBMULY HW MOMelavCb B OObIYHDIM PHHTepOBCKHH pacTBOp A 
XOJIOMHOKPOBHBIX XKHBOTHBIX. BplwIO ycTaHOBJeHO, 4TO B STHX YCMOBHAX U30IH- 
POBaHHble MepeOMObl OTBeUAIOT Ha Pa3paxKeHve JIEKTPHYeCKHM TOKOM B Te- 
weHue Ooviee uem 10 vac. Tako cpok no3BONA U3yUaTb BIMAHMe BLICOKOM TeM- 
mepaTypbl Ha BpeMA HaCTYIMJIeHHA HeBOSOyAMMOCTH. 
i Ys0umpoBpanuple nepeonosbl MOMenLaIMCb B bIOAaPOBCKH cocy, c puHrepos- 
CKUM paCTBOpOM, HarpeTbIM JO OMNpeleseHHOH TeMMepaTypbl, KOTOpad Tomep- 
2KUBasacb C TOUHOCTHIO +0,2°. Onpeszeranocb BpeMaA OT Hayasa JelicTBHA TeM- 
nepatypbl 10 MOJIHOM NoTepH BO3OyMMOCTH MepeonoxoB Mo KpaitHei mepe 5 oco- 
Oe onHoro Bua. Moment noTepu Bos6yAuMOoCTH OTMeYaJICA 10 HCUe3HOBeHHIO 
OTBETAa Ha PHTMHYECKOe PasipaxkeHHe Cc yacTOTOH 50 Ti MpAMOYrOJIbHBIMH UM- 
NyJbcCaMH OT MOpTaTMBHOrO cTuMysstopa (5). 

Byla uccieqoBana TemMoycToHuMBOCTh W30NMpOBaHHBIX Tepeo;nosos 
16 Butos 6aiikanbcKux TraMMapHy, OTHOCAMIMxcA K 5 pofam. Buyp Onin onpe- 
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yenenbt M. tO. Bexman u A. A. BasuKxanopol (Baiikanbckad JMMHOJIOrM4eCcKan 
eranuua AH CCCP), 3a uTo aBTop npHHocuT uM cepfeunylo OsarosapHocte. 
PesyJIbTaTbI ONbITOB TIpescTaBsenbl Ha nosysorapudmMuueckux rpaduKax (m0 
pen adcliucc — Temilepatypa, No ocH opaunaT — jlorapudM cpeynero BpeMeHH 
HacTylJleHux HeBosOyyuMocTH;, puc. |). 

Kak BHO, Avid BCeX HCCJIEIOBaHHbIX BHIOB Nowysena IIpAMOMMHeEMHAaA 3a- 
BHUCMMOCTb MexKy TemNepaTypoH u sorapudMOM BpeMeHH HacTyJieHHA He- 
pos6y AuMocTH mepeonofos. TouwbKo B OJHOM Culydae, IPH ONpeseseHuu TerJO- 
ycToiiuuBocTu nepeonofos Carinurus platicarinus (puc. 1, 0, 2), HaOmosa- 


TCA JOBOJbHO 3HAYUNTeEbHOe OTKJIOHEHVe NOJYYEHHOH 3aBHCHMOCTH OT TIpaAMon. 
Ojuako fockoJbKy WIA 


octampunix 15 BULOB pn, 
TIpAMOJMHeHHEI =Xapak- 
Tep 3aBMCHMOCTH  BbIpa- 
Kew MocTaTouHO u4eTKO, 
‘MOXKHO AyMaTb, YTOUB 
‘9TOM cilyyae OTKIOHeCHMA 
SKCIEPUMeHTAIbHO TMOJly- 
YeHHDIX 3HAYeHHM Jora- 
‘pudmos BpeMeHH HacTyI- 
jeHua HeBosOyiuMocTH 
Tlepeonofos oT TeopeTu- 100 
WeECKUX, PAaCrOJIORKEHHbIX 
“Ha MIpsMoi, OODACHAeTCA 
BO3MOXKHBIMH OliMOKaMH 
“MCTIOb30BaHHOM MeTOLH- ge 
xu. LlomyaenHan 3aBMcH- 


28. 30 32 34 36726 26 30 Je Sh 36C26 28 30 32 3h" 


MOCTh M@xK/ly TemiepaTy- b 
poli u sorapudMom Bpe- 
MeHH HacTYyIWJIeHHA He- 28 30 32 34 36° £6 28 30 32 34°C 
BosOyAMMOocTH lepeo4no- Puc. 1. TensmoycTowuHBocTh H30/IMPOBaHHbIx F mepeonojos 


JlOB MMeeT Takol »%e Xa- 6alikalbCKHx ramMapHy. a — pox Eulimnogammarus (I— 
i. Cyaneus, 12) E. verrucosus, 3 — E. maacki, 4 — E. 
paktep, Kak MW 3aBHCH- Viridis); 6 — pon Pallasea (1 — P. cancellus, 2 — P. gru- 
MOCTb OT TeMMepaTypbl pei arenicola, 3 —P. brandti tenera); e— por Acanthogam- 
jlorapudmMa BpeMeHH He-  marus (1— A. godlewskii, 2— A. victorii, — A. brevi- 


 o6paTumon yTpatl (byHK- spinus, 4— A. flavus); 2 — pow Axelboeckia (J — A. Car- 


) 


5 


. 


| 
j 


{ 


| 


penteri, 2 — A. rubra, 3-— A— potanini); 0 — poy Carinu- 


HMM M30JIMpOBaHHbIMH rus (f —C. solskii obscurus, 2 —C. platicarinus) 


TKAHAMM XXMBOTHEIX (7,°). 
3aBuCMMOCTb CKOpocTu HacTyMJenna HeBO3OYAUMOCTH MepeonosoB OT TeM- 

| MepaTypbi xapaktepusyeTca BbICOKHM TeMMepaTYPHBIM KOS PHUMEHTOM Bant- 
Tota (Q,,), 3HaveHHA KOTOPOTO Aula PasHbIX BUJOB JeWKAT B NpeMeax OT 30 
no 500. Takve xe BEICOKMe SHAaNCHHA Q,), BO MHOFO pa3 MpeBbiliaronlne O15 
6ONEWMHCTBA (PUSMUECKUX MH XMMMUECKUX TPOUECeOB, THMMUHEI JIA 3aBHCHMO- 
CTH TENMOYCTOMUMBCCTH KJETOK OT Temnepatypbl (°). STO, B CBOIO ONeperb, o6b- 
acuaeTca TeM (bakTOM, 4TO TENMOBAA CMEPTh KJICTOK o6ycuopseHa MeHaTypa- 
uneii KneTOUHLIX GOesmKoB — mpoleccoM, AAA KOTOpOrO KaK pas XapakTepHO 
npicoxoe sHauenue Q,, (”, °). MomxHo ostomy NonaraTe, YTO B OCHOBe HacTy!- 
JleHUA HEROSOYAUMOCTH TepeOCnolos MexaT TE KE TIporecchl, YTO HW B OCHOBE TeM- 
JlOBOM CMEPTH VSOJIMpOBaHHBIX KJIETOK, HW TO TeTIMOYCTOMUMBOCTh NepeonopsoB 
onpefledseTca Ter JOYCTOMMMBCCTEYO TKAHEELIX KOMMOHEHTOB STOTO Oprada. 
[Ipexpamenue OTEeTa M30/IMPOBAHHEIX TlepeonosoB Ha pasipaxeHUe I1eKT- 
puyecKUM TOKOM MOXxET CITE pesyJIbTaTOM HACTYMCHHA HeBo36yAuMocTH M60 
MBEINeUHOM, WH60 HepBHOM TKaHM Oprana. TlockompKy pasHble TKAHH OfHOTO 
opranusma oOsafaioT pasHolt TensJOyCTOMYMBOCTHIO (®), a NomyseHHad 3aBH- 
CUMOCTD Mey TemmepaTypoH u jlorapudMoM BpeMeHH HacTYyIVWeHHA HeBo3by- 
JMMOCTH V30/IMPOBaHHEIX TepeONOLOB sBINETCA TIpPAMOJIMHEHHOH MH xXapakTe- 
PHB3yeTCA NOCTOAHHBIM AIA KaK MOTO BHA Qj), MOKHO CUTATH, UTO TemOycToH - 
YHBOCTb Mepeonoson BO BCeM AManasoHe MCHbITAHHBIX JIA KaKLOTO Bla TeMMe- 
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patyp o6yculoBeHa TerOyCTOHYMBOCThIO OAHOM HM TOM %we TKaHH — JMC 
MBINeYHOM, HOO HEPpBHOM. ITO aeT OCHOBAHMe CUNTATb TeMMOYCTOMYMBOCTh U3 
JIMPOBAHHBIX TepeonofoB XapakTepHcCTHKOM KJeTOUHOH TenJOycTOM4YMBOC 
raMMapHJ. 

B GovIbIIMHCTBE HCCJICOBaHHbIX CJIyyaeB TelJIOYCTOMYMBOCTh Mepeonoy 
BUJOB TaMMapH, OTHOCHMIMXCA K OJHOMY poy, OKasaslacb pasMuHOK. Taku 
o6pa3om, H Ain OalikasbcKUX TaMMapHy OMpaBbBaeTcA NpaBHIO, Corac 
KOTOPOMY CHCTeMaTHYeCKH OIM3KHE BHlbl A2MBOTHBIX pasJIMyaIOTCA NO TeM 
ycToHuMBOCTH KleTOK. OHaKO, Kak BHJIHO M3 pu. |, 6, /—d, IpAMble, xapa 
TepH3ylOUMe TelOYCTOMYMBOCTL HepeonosoB Tpex BusoB posxa Acanthoga 
marus (A. godlewskii, A. victorii uw A. brevispinus), npakTugecku copmajaio 
Tak TO Ha rpaduke TensoycTroHunBocth nepeonoyos A. godlewskiiu A. br 
vispinus u306paxKena OHO TpAMoi. CulelyeT OTMeTHTb, YTO OTCYTCTBHEe pas 
JMUMA B TeMIOYCTOHYMBOCTH KeETOK MexK)ly CHCTEMATHYUeCCKM OJIM3KUMU BAaM 
B CUMHMGHEIX Clyuax OOHapyxKeHO MU B Apyrux rpynmax *KHBOTHBIX (7, '°, 1) 
I]pu 9TOM B OMHUX Cy4aAXx He BOSHHKAeT COMHCHHH OTHOCHTEJIbHO JCMCTBUTeNb 
HOli MpMHaeKHOCTH XMBOTHBIX, HE OTMMUAIONLMXCA NO TerNOyCTOMYMBOCT 
KJI€TOK, K pa3HbimM Buyjam (1°, 11), B apyrux, Kak HalpuMep Ip CpaBHeHuH Ke 
TOUHOH TeMJOYCTOHYMBOCTH TIpyOBOH M OsepHOH JIAPYWIEK, OKAa3bIBaeTCH, UT 
BUJOBaH OOOCOGJICHHOCTh CpaBHHBaeMbIX (POpM He CTOJIb OYeEBHAHA, H HEKOTO 
PBIMH CHCTeMaTHKaMM 39TH MOPMbI OTHOCSTCA K OfHOMYy Buy (7). B sto cBA3u 
B OTHOWICHHH UCCeLOBaHHbIX BuAOB pofsa Acanthogammarus cuJleqyeT NpHHATS 
BO BHMMaHHMe Takoe cooOpaxkenue. Buget poxop Eulimnogammarus, Pallasea, 
Axelboeckia nu Carinurus, Mexjy KOTOpbIMH OOHAapyKeHbl pas/iMuvA B TenNO- 
YCTOHMUMBOCTH MepeonosoB, ObLIH BHepBbIe OMMCAaHbl HMCHHO Kak OOOCOOJeHHbIE 
Bibl (12-4) w paccMaTpHBaJIMCcb KaK TaKOBble B MocsIeLyroulMx padoTax, MocBsA- 
I{CHHbIX CHCTeMaTHKe OalikabcKUx rammapuy (*,12-1%), B To xe Bpema Acan- 
thagammarus victorii wu A. brevispinus nepBoHayabHO Ob OMHCaHbI Kak 
pa3sHoBuyzHocTn Buga A. godlewskii (17, 1°), Ho BnocmeszcTBHe ObIJIM BbI_eJIeHbI 
B CaMOCTOATebHbIe BULLI (4). ToT dakT, uTO BUAOBaA OOOcOOMeHHOCTL Uccwe- 
JOBaHHEIX tpopM poxop Eulimnogammarus, Pallasea, Axelboeckia u Carinurus 
MPW3HaeTCA BCEMH UccyeAOBATeNAMU OalikaIbCKHX TAMMApHJl, a OTHOCHTeJIbHO 
tbopm poya Acanthogammarus MHe€HUA MO STOMY BOTIpocy pacxoyATcCA, MO*KeT 
ObITh OOBACHEH TOJIbKO TeM, YTO HCCIeELOBaHHble tpopMbi powa Acanthagammarus 
pa3sIMyaIOTCA MexK)Ly COOOH B MeHbINeH CTeneHH, YeM COPMbI Jpyrux BOB. 
(Jo-suqumomy, cbopmpl poxa Acanthogammarus HaxofATcad Ha Oonee panHeM 
aTane JMBepreHIMNM, 4eM CpaBHHBaeMble (OpMbI ApyrHx poop, WH C 9TMM CBA- 
3aHO OTCYTCTBHE JOCTOBEPHbIX PasJIMUAM B TeMJOYCTOHYMBOCTH HX Mepeonosos. 

Takum 06pa30M, MO?KHO ipHiTH K BbIBOLY, YTO M AA OalikanbcKux TamMma- 
PU OpaBbIBaeTCA MpaBHlo, CorjiacHO KOTOpOMy ocoOM cHucTemaTHuecKH 
OJIM3KUX BHOB NOMKUMJIOTePMHbIX XKMBOTHBIX MMeIOT pasHy1O TerlsoycTonuH- 
BOCTb KJIETOK. 

CpaBHeHve TenOYCTOMUYMBOCTH KJeCTOK MCCJIEMOBAHHBIX JO CHX Nop cucTe- 
MAaTHYeCKM OJIM3KNX BYOB XKMBOTHBIX NOKA3bIBaeT, UTO OHA AlalNTHBHO CBA3aHAa 
C TeMnepaTypHbIMH YCJIOBHAMH OONTaHHA BUoB (*). OueHuTb cnpaBesJHBOCTb 
STOTO NOMORKCHUA [WIA OaltKaJIbCKHX TaMMapH JOBOJIbHO TPyAHO, TaK Kak 9KO- 
JOPMA STO TPynibl ucceqoBaHa Kpaline ca6o HM MMeIOUMecA JaHHble MosBO- 
JIAIOT TOJIbKO BECbMa TIPHOMMKEHHO OXapaKTepH30BaTb CTeMeHb TenJOmNOON- 
BOCTH pa3HbIX BHOB. HexoTtopoe npescTapneHue O cTeneHu TerOuO6HBOCTH 
BULOB OaHKasIbCKUX TAMMAPH MOMKHO NOJYYNTh Ha OCHOBe JaHHbIX O06 ux To- 
PH3OHTAJIbHOM WH BepTHKaIbHOM pacipeyeneHun B Balikane. C oho CTOpOHHt, 
pasHble yaacTKu Batikala uMeloT pasJIMUHbI TeMnepaTypHbIt pexUM, MU BUH, 
OONTAIONME UCKIIOUNTeIbHO B paiioHax Cc Gosee BLICOKOH TeMMepaTypol BOLE, 
ABMAIOTCH, OVEBHLHO, OTHOCHTebHO Oosee TenOMOONBEIMU. C Apyroii cTopo- 
HbI, C YBeJIMYeHHeM TVIYOMHbl YMeHbINAIOTCA 3HAYeCHAA MAKCMMAJIbHBIX Temme- 
paTyp, HaOmoMaembIx B TeyeHHe rofla, TaK YTO BULLI raMMapuy, OOuTaIomMe B 
CpeMHeM Ha MeCHbIIMX TvlyOMHax, NOJDKHbI ObITb TakKxKe OTHOCHTeEIbHO GOovlee 
TeMOJIOOUBBIMH. 
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a 
Vccneqopanuple B HacTosinel padoTe BHAI pola Eulimnogammarus pacipo- 
(paneHbl 10 BceMy Baitxany. Iipu stom E. cyaneus oOutaet B NpHOOHHOK 30- 
2, y ype3a BOsBT, E. verrucosus pacnipocrpaHen Ha rvtyOuxe of 0 fo 10 M, mpu- 
M B JeTHME MeCAILbI OTXOAMT OT Gepera Ha Goubuime riyOunbl; E. maacki 
MTaeT Ha riyOuHe O—15 M, pexe Jo AO M ut JIETOM TAKxKe OTXOAUT OT Oepera; 
i viridis Berpeuaetcsa Ha rayOune 0O—30 m (*). Kpome Toro, E. cyaneus pas3- 
HOXKaeTCA B JICTHHe MECHILI, a OCTAIbHbIe TPH BUA — OCCHbIO 3umoi (7%). 
‘akuM OOpasoM, E. cyaneus sBsseTCH, OYeBUAHO, HavOomee TeNJIOJIOOHBEIM 
ujom, E. maacki u E. viridis — naumenee TemiomoOnBEimu, u E. verrucosus 
auuMaeT IIpoMexyTouHoe rosloxenue. Tako OlleHKe cTeneHH TeIOJIOOMBO- 
TM 9TMX BYOB COOTBeTCTByeT M pasiMAHe B TeNJOYCTOMYMBOCTH TMepeOnooB 
Ik ocoGeli, Tak Kak Mo 9TOMY MpH3HaKy YKaSaHHble BUbl pacnosarawtca B 
imenyromul pag: E. cyaneus > E. verrucosus “> E. maacki > E. viridis 
gre. 1, 4). 
_ K TaKkomy Ke BbIBOJLy MO*HO IIPHHTH B OTHOUICHHH HCCeLOBaHHDIX BHOB 
Jona Pallasea, KoToppie Mo TenOyCTOHYMBOCTH TNepconoton pacnoularaiorTca 
pan: P. cancellus > P. grubei arenicola > P. brandti tenera (puc. 16). 
Tpu stom P. cancellus o6utaet Ha rayOune 1—S0 M, uaile Bcero 2—10 m, u 
dacipocTpaHeHa 10 BCeMy Baiixany; P. grubei arenicola — Ha rayoune 2— 
i CM, TOJIbKO Ha CeeHTHHCKOM MeJIKOBO{be, XaPAKTEPUSYIONLEMCA 6osee 
SBICOKMMH TeMMepaTypaMH MO CpaBHeHHIO C upyrumu paiionamu Batikana, 
-brandti tenera pacnpoctpanena mio Bcemy balikacly Ha ray6une 7—350 M, 
oopiuno 40—200 m (*). 
_ V3 zpyx Buos poga Carinurus C. solskii obscurus, HMerouLH Coee BbICO- 
Ky!O TeMNOYCTOMYMBOCTL Mepeonosos (puc. 10), OOuTaeT TONbKO Ha Ceenruu- 
CKOM MeJIKOBOsbe Ha rtyOnHe 8—138 M, a C. platicarinus pacnpocTpaneH B 
Oonee xomomubix patonax Balikaila, Ha rayOune 25—125 m (“). 
_ Ogunako JIA BYOB pola Axelboeckia cBa3b M@xKLy TeMMOYCTOMYMBOCTHIO 
TEMMOJNOOMBOCTHIO, OL[CHUBAeMOH TOKO NO pacipoctpaHeHMIo, He CTOjb ONE- 
Bugua. Tax, A. carpenteri pacmpocTpaHeHa No BCeMy Baiikasy, B TOM ¥HCJIe 4 
Ha CeJleHruHCKOM MeJIKOBOAbe, Ha riyOuHe 2—336 M, walle Bcero 30—40 mM; 
A. potanini — ua CenenruHcKom MesKOBOAbE HW Aavlee Ha ceBep lo BOCTOUHOMY 
Tlobepexbi0, Ha riyOuHe 14—138 m; A. rubra — B ceBepHOH uacTH Balikana Ha 
TayOune 33—125 m (*). Ha ocHopaHun STHX MaHHbIXx clenoBao Obl CUMTAaTb Tep- 
‘BHIli BU HavOoslee TeMOIOOMBbIM, a nocjleluvii — Haumenee. Mexyy Tem, 
TenoyctoiunpocTs repeonosos A. rubra oKasamacb BHINe, HEM y A. potanini 
‘(puc. le). 

Takum o6pa30M, eC JaHHble 0 paciipocTpancHunt IeHCTBUTeIbHO XapaK- 
‘TepusyloT cTeneHb TeTNOMOOUBOCTH BYoB OalikasbeKUX TaMMAapHA, TO AJA HC 
‘enelopanHEtx BuoB Tpex posos (Eulimnogammarus, Pallasea u Carinurus) 
“oOHapyxeHO CooTBeTCTBHe CTeNCHH TeTOMIOOUBOCTH H CTeMeHH TerllJoyCcTOH- 
“QHBOCTH M380JMpOBaHHBIX TlepeOnoAOB, a MWA BULOB OLHOTO pola (Axelboeckia) 
TaKOTO COOTBETCTBHA He MOJyYeHO. 

Jla6opaTopuxaA cpaBHHTeIbHOH WHTOJOTHH [Joctymu0 
Vuctutyta muTosoruu 11 Tlf 1961 


' Axanemun HaykK CCCP 
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Jloxxagn Akangemunu ‘wayk CCCP 
1961. Tom 139, Ne4 


MHKPOBHOJIOIH 


Jj. ®. METPOB u T. H. FPABJIEBA 


HOBbIM AYKCOTPO®HbIM WITAMM BACTERIUM COLI, 
HY KAAMOW{MUNCH TOJIbBKO B METHOHHHE 


(ITpedcmaeneno axademuxom B. H. LMlanowxuxoeoim 15 III 1961) 


Bce H3BecTHble HbIHe ayKCOTpodubIe dopmpl Bacterium coli, Hyxatoujuec 
B M€THOHHHE, CHOCOOHbI pacTH Ha MHTATeJbHbIX Cpeax, JIMIMeCHHbIX METHOHHHA 
HO OOOrallleHHBIX JpyrHMu, HeEOOXOLMMbIMH JWI HMX POCTOBbIMH BellleCTBaMM 
Y TeX WITaMMOB, y KOTOPbIX OJIOKHPOBaHbl PaHHHe CTYIe€HH CMHTe3a METHO- 
HUHa, TAKHMM 3aMeIHalOULMMH MeCTHOHHH POCTOBbIMH BelleCTBaMH ABJIAIOTC 
TOMOMMCTeHH, WHCTOTHOHHH HM HeKOTOpble Apyrve NpeswecTBeHHHKH MeTHOHU 
ua (1, ?), Tak 4TO B STHX CIYYaHX BBEeHHe B MMTATeJIbHYIO Cpesly BeIIeCTB, CHH- 
Te3 KOTOPBIX OJIOKHPOBaH, OOecNeyHBaeT HOPMAJIbHOe 3aBepmeHue NOCceLyi0- 
UIMX CTyMeHelH OvocunTesa MeTHoHUHA. LlTamMpl, y KOTOpbIX OJOKHpoBaHa N10 
CJIeAHAA CTYMe€Hb OMOCHHTe3a METHOHHHA, CBA3AHHAA C TipeBpalleHHem TOMO 
(HCTeHHa B MCTHOHUH, CHOCOOHbI pacTH Ha «MHHHMAJIbHOM» NUTATeMbHOH Cpese, 
oGoraileHHOH BUTAMMHOM By, (°, 4). Ito cBA3aHO C TeM, 4YTO HOTepA CMOCOOHOCTH! 
K CAMOCTOATEJIbBHOMY CHHTe3y METHOHHHA Y TAKUX LTAaMMOB 3aBMCHT OT MoTepu 
CHOCOOHOCTH K CaMOCTOATEJIbHOMY OHOCHHTe3y BUTAaMMHAa By, KOTOPbIH B Ka- 
yecTBe KO*epMeHTa BXOJMT B cCocTaB depMeHTa, KOHTpOHpyroulero OMOCHHTES. 
MeTHOHHHA (°). B cBa3M C STHM BBeJeHHe B MMTATebHY!O Cpely BUTaMVHA By> 
IIpHBOAMT K BKJIOUeCHHIO 9HJOreHHOrTO BUTaMUHAaA By. B HeAKTHBHbIM anodep- 
MeHT, KOHTPOJIMPYIOULHH CHHTe€3 MeTHOHMHA, H BOCCTAHOBJIEHHIO CMOCOOHOCTH 
K CAMOCTOATeEJIbHOMY CHHTe3y MeTHOHHHA,. 

Takue UITAMMbI ObWIM MCNOIb30BaHbI JIA paspa6oTKH MUKpOOvOMOrMYeCKHX 
MeTOJOB KOJIMUECTBEHHOFO ONpesesIeHHA BUTAaMHHAa By. W MeTHOHHHA (°). 

CymleCTBEHHBIM He€OCTATKOM 3THX METOMOB ABJIAeTCA TO OOCTOATENECTBO, 
YTO VIA ONpeseeHHA MeETHOHMHA HM BUTaMHHAa Bj, B cpeyax, Te UMEOTCA 06a 
STH BellecTBa, ONpefseseHHe METHOHHHA NPHXOMTCA NMpPOM3BOANTb Mocse pas- 
pylWieHua BuTaMuHa B,. NyTeM KUMAYEHHA B WeMOUHOM cpeme, a KOMMYECTBO 
BUTaMMHa By», ONpeleATh MO pasHUlle CHJIbI pocTa ayKCOTpodHoro wWTaMMa B 
MUTATebHOM Cpefe, OOoralleHHOH HaBeCKaMH HCHbITyeMOro BewlecTBa, He MOJ- 
BepraBIUMMUCA KHNAYEHHIO B MIEJIOUHON Cpefe, H HAaBeCKaMV, B KOTOPbIX BUTA- 
MHH By. paspyuieH MyTeM KHMAueHHA B WeMO“HOK cpefe. HeoOxofzumocTh KX- 
NAVCHHA B WeO“KON Cpese yBeJMYMBaeT TPyYNOEMKOCTb HU YMeHbIaeT TOUHOCTE 
MeTOla (Tak KaK IPH KHMAUeHUM B WeMOUHOM Cpese MOMKeT W3MEHATHCA KOJIH- 
yeCTBO CBOOOMHOTO MeTHOHHHA, JocTynHOro GOakTepuam). 

Jia ycTpaHeHusa STOTO OCJORKHEHUA OYEHb WAesaTeMbHO NMOMyueHHe IWTAM- 
MOB, HYKlajollMXCA TOJIbKO B M€THOHHHE HW He CHOCOOHBIX pacTH 6e3 Hero HF 
pH HaIMyHH AMMHOKUCOT — peiecTBeHHHKOB MeTHOHHHA, HA B MpHCyT- 
CTBHH BuTaMuHa By. TeopetuuecKu TakOM WITaMM BO3MO%KHO HOJYYNTb, eCIY 
OyHeT paspyuieH OCHOBHOM cbepMeHT (anodepMeHT), KOHTPOMpylIoMMA MpeBpa: 
menue TOMOWMCTeMHa B MeTHOHHH. Muorve cewleKIMoHepbl-MMKpOOMO/IOrM Ha 
CTOMYHEO UCKaJIM TaKMe AYKCOTPOMHbIC MTAMMbl, HY*K/alOUlMeCcH TOJIbKO 
M€THOHHHE, HO NOJIYYHTb MX JO CHX NOP HHKOMY He ylamocb. STH HeEyauH, Be 
pOATHee BCerO, ObIIM CIeEACTBHeM TOTO, YTO HaCJIeEMCTBEHHBIM tbakTOp, KOHTpO 
JIMPYIOUIMH CHHTes STOTO anocepMeHTa, BeCbMa YCTOHUMB M CTOKaA Hacmey 
CTBCHHAA UHAKTHBAILMA CTO MPOWCXOAUT OUEHb PeKO. 
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| [laa pemenua sto TpyaHoh M BMecTe c TEM TpakTHYecKH BaxkHOn salad 
bi pelMsM VCMOMbSOBaTb paspadoTaHHbit HaMH YNYUIMeHHI BAPHAaHT MIPOBO- 
AUHMOHHO-~PpOHOBOM MeTOAHKH CeJIeKIMH mMuKpoOos (7,*), KOTOpbI 3Ha4NTEJIb~ 
© YBeIMUMBaeCT MOUIHOCTE OOLIMHOM MeCHHUMIJIMHOBOH MeTOAKM CeyIeKIMH MH~ 
podos (°, *°). 
_ B kauectBe UCXOMHOM POPMbI MbI HCTIO/H3OBaIIM MON yYeHHYy!O panee ayKCO” 
poduyro dbopmy Bacterium coli 1-5, ny2«faromlyroca B MeTHOHMHE WIM BUTA- 
tune B,. u rucTusMHe. OMyJIbCHA 6axtepuit B. coli I1-5 8 dusnonoruueckom pac- 
pope, 3akMIOUABINAA 100 muaH. MUKpOOHBIx Tel B | MJ, Ip HelpepbIBHOM 
eTpAXMBaHHM OOslyYaach B TeueHHe 2 MHUH. yuILTpacpHOseTOBBIMH JIyuaMH 
JTYTHO-KBapIleBOH JIaMIIbl C ropemkon IIPK-4 Ha paccToxHuu 1 mM oT uCTOUHH- 
<a YJIbTpa*voJIeTOBIX ryuel. 
' Tlocne o6nyuenua 0,1 Ma SMyJbCHH 6plIO BHeceHO B MpoOupky, cosepKa— 
atyio 5 Mul CHHTeTHUECKOH TUTATebHOH CpeAbI, B KOTOPY!O BXOAMJM MUHEpaJb- 
Mble COJIM, TJHOKO3a HM THposMsaT Kascvna, mpoOupka Oplia momemeHa Ha 
94.uaca B TepMocTaT MIpH TemnepaType = Yae 
© Vicnonpsopannad Hamu CMHTeTHYNeCKaA cpea Mesa CJleyIOulMH cocTaB: 
J pactsop — pochopHOKNCAbI HAaTPHH iBysameieHuEl 6 Tr, XJOPHCTHIM Ka- 
gun 41, CepHOKUMCIbIM Kanuli 1 r, ammuak 2,65 ma, MoouHad KuCuOTAa 4.5 MI, 
CepHOKNCIbI MarHuit 0,025 r na 500 Ma AMCTHIAMpOBaHHON BOLI, Il pac- 
pop — 12 r rayoKosbl Ha 500 ma Bont. | u Il pacTBopbl aBTOKMaBUpyloTcA OT- 
| Pacrsop HeopraHvueckux Cosel M PaCTBOP/TIIOKOSB! CMEIIHBAIOTCA B 
jotnomenun |: 1. 
B nanbuelimem sTy CMHTeTHYeCKyIO Cpefly MbI HasbiBaeM «MHHUMaJIbHOM » 
‘cpeson. 
B ilocue Takoro «npoMexyTouHoro KYAbTHBUPOBaHHA», HallpapsleHHorO Ha 
‘QGecneuenve dbeHOTUMMUeCKOTO BHIABEHHA HaCJe(CTBCRHDIX Y3MeHEHHH, BO3- 
HUKUUX NOL BAUAHVEM YJIbTpacbHOJeTOBbIX mye, MOny AUN OakTepHu Opiia 
“TPYXKbI OTMbITAa MyTeM leHTpucyrupoBaHUA B CUSHONOTHYECKOM PaCTBOPE, ul 
“WHOKYJbI CakTepul, 3akNOUABLIne ] MIH. MUKPOOHBIX TeJl, ObIIM BHeCeHbI B 
TMpoOupkKU, 3aKOUaEIHe M10 5 Mi <MUHUMaJIbHOM» cpefbl, oOoralleHHOH BUTA- 
“MMHOM By. HW THCTHAMHOM (0,0001 y BuTamuna By, 5 y rucTuguna wa | mu cpe- 
mt). Tlocne sToro B npoOupKu 6blul oOaBseH NeCHWIVAIHH B KOJIMYECTBE 
500° en/ma, M OH Obi NoMemleHbI Ha 48 vac. B TepMOcTAT IPH Temmepatype 37°. 
Mui paccuvtbipaiu, ato BO BpeMsA STOTO WHKYOUPOBaHHA BCe OakTepuH, CHO- 
coOuBIe HCMOJIb3OBaTb BUTAMUH Bi. Wula CHHTe3a METHOHHHA, 6ynyT yOuTbI me- 
wunuaaunom. Ilocne 48-aacopoii WHKYyOalWM IMYJIbCHA 6aKkTepul Opiia WeHT- 
“pucbyrupoBana, *#MAKOCTb CiMTa, a HEBUIMMbIM HeEBOOPY2XeHHBIM TylazoM OCa- 
 MoK GakTepui Ha DHE IIpOOupKu pecycneH3MpoBaH B cbusHONOrMyeCKOM PacTBO- 
‘pe mu mepenecen B CoVIbIITy10 npoOupky, 3aksOUaBLlylo 15 ma mogorpetToro Oo 
50° Maco-lenTOHHOrO arapa, KOTOpbI Tocse TWaTeJIbHOTO TepeMeLIMBaHHA ObII 
BLINT B uawKy Ilerpu u MomenleH B TepMocTaT pH Temnepatype 37°. Uepes 
94 yaca B 2TOM UalIKe COpasoBalOCb HECKOJbKO AECATKOB OTIEbHEIX KOJIOHNA, 
¢ KOTOPHIX ObIIM CilelaHbl OTBMBKH Ha MHHUMAJbHYTO cpely, oSoramenny!0 TH- 
' cTHMHOM HM BUTAMHHOM Bio. 

OTBUBKH C OHO U3 3TMX KOJOHMH pocsM Ha MUHUMaNbHOM cpele, o6ora- 
IJeHHOH MeTHOHMHOM, HM He pocJM Ha MVMHUMaJIbHOi cpele, oGoralleHHOM BUTa- 
MMHOM Bj5, IpHyeM STO CBOHCTBO CTOHKO COXPaHAOCb TIpH BCex MocMeAYyIOULAX 
nepecepax. IloyyeHHbii TAKUM 06pa30M HOBBIi ayKCOTPOHbIN 11TaMM 6pi1 O6O- 
3naueH Kak II-11. IIpu anpueitiem wsyueHHn 6bll0 YCTaHOBJeHO,YTO WTAaMM 
TI-11 xopomo pacteT Ha MMHUMAIbHOM cpele, oGoranleHHOH THCTHAMHOM MH Me- 
THOHUHOM, U He pacTeT Ha MHHUMAJIbHOH cpere, o6orailleHHol THCTHAMHOM, BH- 
TaMHHOM By. HW FOMOWHCTeEMHOM HJM TOMOUMCTHHOM. 3To moKasbilBaeT, YTO He- 
cnoco6uoctb wramma [1-11 sapucema He OT BOZHUKHOBEHUA JOMOAHUTebHOK 

|| MyTallWH, CBASAHHOM C OJOKMPOBaHieM 6vocuHTesa TOMOLMCTevHAa WIM Gos1ee’ 

) pawHMx MpesilecTBEHHUKOB MeTHOHHHa, a BepOsTHO — C HHAKTMBAILMeH Hace: 

; cTBeHHOro qbakTopa, ollpesessiomlero CHHTCS anodepmeHta, (bepMeHTAa, KOH- 
TPOAMPYIOUlero CHHTe3 MCTHOHHHA. 
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Jlaa Toro uToOpl u36aBNTbCA OT NOTpeOHOCTH B ruCcTHAMHe, SobUIaA Non 
JIALMA MUKpOOHBIX Tel I]-11 Obia nocesHa B- MMHUMAJIbHYy1O Cpefly, OOoraie 
HYIO TOJIbKO M€THOHMHOM. OT. HEMHOTOYAMCJICEHHBIX KOJIOHHH, KOTOpbie OOpas 
BaJIMCb B yamikax IlerpuH c Tako cpesou, OblIM CfeaHbl OTBABKH Ha YMCTYy1O M 
HUMQJIbHYIO cpely H MMHMMasbHyIO cpexy, OOoramleHHyio BHTaMMHOM By, 
TOMOMMCTeEHHOM H OG6OFallleHHy!0 METHOHHHOM. OTBHBKH OHO U3 KOJIOHHM po 
JIM Ha MUHMMAJIbHOH cCpefe, OOorallleHHOH MeTHOHHHOM, HM He pOCJIM Ha BCe 
OCTAJIbHbIX IIPOBePeHHbIX Cpefax, MpHueM 3Ta OCOCeHHOCTb CTOHKO coxpaH 
Jlacb Mocyie MHOrux JecaTKoB mepecesos. TlonyuenHEl TakuM OOpa3som ayKC 
Tpoubi wITaMM Obl OGosHayeH Kak witTamm [1-12. 

IIpu qanpHeiuiem usyueHuu witamMa [1-12 Opluo ycTaHoBJeHO, 4YTO MpH CO 
lepxKaHMW B MHHMMaJIbHOM Cpefze MeTuoHHHa oT 0,1 fo 5 y/Ma STOT wWTaMM jae 
YBeIMYeHHe pocta (MOBbILIeHHe MYTHOCTH), IpAMO NponopWMoOHabHOe yBeIH 
YeHHIO KOJIMYeCTBA MeTHOHHHA. 

Ha 3ToH ocHoBe Hamu Oblua paspaOoTaHa MUKpOOMOJIOrMYeCKaA MeTOJMK 
KOJIMYECTBEHHOFO OMpeMeJICHHA METHOHHHA, ONMpaloulaicA Ha MCHOJb3OBaHK 
mtammMa []-12, nwa KoTopy1o oopMieHO aBTOpcKoe cBHJeTebCTBO ("7). 

OTa MeTOAUKa MO3BOJIAeT KOJIMYCCTBEHHO ONpeseJIATh COepxKaHve MeTHO 
HHHa B pa3JIMYHbIX BelleCTBaX IO HHTCHCHBHOCTH pocta (MyTHOCTH) OakTepHit 
iitamMa [1-12 B MMHuMasIbHOM cpeye, OOOrallleHHOH COOTBeTCTBYIONIMMH KOJIM- 
YeCTBAMM HCHbITYeMbIX BeULleCTB, 6€3 MpeABAaPpUTeIbHOrO PaspyleHvA BKIaMH- 
Ha Bio. 

Bmecte c Tem ucnob30BaHve wTamMa I]-12 no3BoIneT CyleCTBeEHHO yJy4- 
WUTb OOUIEMPHHATYIO MeTOAUKY OMpeseteHHaA BUTaMuHA By, paspadoTaHHy10 
B. H. Byknupim (°) uw ocH BaHHy!O Ha Mcnomb30BaHHU wITamMa II-3 u aHaJo- 
T'MYHbIX WITAMMOB, TaK KaK JaeT BOSMOXKHOCTh YCTPaHUTb KHMAYeHHe B ULeOU- 
HOH cpese Wiad paspylie#ua BUTaMMHa Byp. 


Tloctynusi0 
15 III 1961 
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_BHOPH3HKA 


iN Ji. C. AFPOCKHH u KH. A. BAPCKHM 


* CHEKTPbI BOSBYKHEHHA HW APKOCTb COBCTBEHHOM 
®JIYOPECHLEHUMH KJIETOK 


ie (II pedcmaeaeno akademuKom A. H. Tepexunoim 18 III 1961) 


_ B padorax Bpym6epra c coTp. (1-4) Opi MOKasaHO, YTO KETKH VM TKAHH 2KH- 
30THOrO H pacTHTebHOTO MpOnCXoO*KMennA O6NalaoT COOCTBEHHOM y.IbTpaduo- 
TORO dyopectleHvell pH BOsOyKMeHUM MyYaMH C WHO BOUHEI 250— 
80 mu. StH paoTbl BbIMOJHAIMCh NyTeM cbororpapupoBaHuA MpemapaToB B 
ek PellleHHbIX cBeTOMALTpaX, H PeSyJIbTATI BbIPAKaIUCb, Kak MpaBuso, B YC 
TAaHOBJICHUM HaIMUUA MIM OTCYTCTBUA CBEYeCHHA. Vi3-3a ciomwKHOCTH XHMMUeCKON 
M CTPyKTYpHOM OpranvsallMu KETKY HaGoseHve OOWeH KapTHHbl CBeYeHHA 
jake C IIpHMeHEHMeM CHeIMMaIbHbIX TIpHeMOB o6pa6oTKH MpenmapeToB He aBa- 
lo onpesleseHHoro oTBeTa Ha BONpoc O MpHpore (puLyOPeCLMpYIOMMX ILeHTPOB. 
_ JlelictaurebHO, Ha OCHOBaHMH MepBbIX OMbITOB aBTOPbI IIpeANOMOKUIA, YTO 
duyopeceHuuA KJIETOK o6ycOBIeHa B ALPaX HYKJICHHOBBIMM KMCJOTAMH, a 
B lwTonsiasme — PHK u Genkamu. TyT xe, OHaKO, OTMedaOCb, YTO AApa He- 
KOTOPBIX KJleTOK, 6orathie JIHK, He ulyopeciiupyl0T BOBCE. Crelytoiuluit 9KC- 
TepUMeHT C MOCMeLOBaTebHbIM YAaseHHeM HS Ma3KOB KOCTHOTO MO3ra KPbICbI 
CBOCOABLIX HYKJCOTHIOB HW HYKJEMHOBHIX KHCJIOT HpHBel K BbIBOJy O TOM, UTO 
yopeckeHUMA OelKa B KJeTKe cila6a W He MOxKeT KOHKYpHpoBatTh C d.lyopec- 
enivell Apyrux XWMHYeCKHX KOMIOHEHTOB, H mpexle BCceroO HYKJeCOTHAOB. 
B cpete cKa3aHHOro, MONbITKa H3MepHTb CIMeKTPbI BosOyKeHuA dsryopec- 
HeHUMH KJeTOK MpefcTaBlAsach BeCbMa CBOeBpeMeHHOH. 
_ Anmapatypa uM MeTosMKa creKTpodslyopuMeTpHueckKux yiccyleqOBaHH Ma- 
JX OObEKTOB YaCTHYHO Opiia onMcaHa HAMM panee (°~"). [na HacToslel pa- 
OoTbl mpumenssica cyxou KBapIi-(ptyOpHTOBbI MuKpooObeKTUB 50 x 0,65, 
M3TOTOBJICHHHIN W3 Hed yopecilup yloulux MaTepHaJOB. IIpenapar ocpemjasica 4e- 
pes OObeKTUB C TOMOMLbIO OMak-HJIOMMHATOPA C VHTepepeHUMOHHBIM CBETO- 
GesutTeseM, OTP ark arouluM 90% smyuei Cc JJIMHOM BOJHbI KOpode 300 mu u TIpo- 
TYyCKalolluM Takoe %Ke KOJMYeCTBO 6onee JWIWHHOBOHOBEIX (*°). McTouHHKOM 
Bos0yxKaloulero cBeTa CyKHa PTYTHAA Jamia CB]I-120A, u3 oOujero moToKa 
KOTOPOM ABOMHOH MOHOXpoMaTop C PpelleTKaMH BbINeA OTACJIbHbIe MOHOXPO- 
MatTuuecKkue vanyuenua. CBeuenne OObeKTa BOCIPHHUMAIOCb TakyKe CO CTOPO- 
‘Hbl MUKPOOObeEKTHBA, NPHYeM As HaGOMeHHA HU OrpaHnuenua PoTOMeTPHpye- 
Moro yuacTKa MpHMeHAACh 3epKalbHan HacalKa c dOTOYMHOKHTEIeM (°). 
| Pagmep ocBelleHHOrO Noa Ha WpemapaTe CocTaBsAd 60 p. J\vametp anauu- 
“supyemoro yuacTKa paBHAJICA 20 w. Tipu Takux ycOBAAX pacipoK ycupoBKa, 
“OOYCNOBIEHHAA OCTATOYHbIM XPOMATH3MOM OObeEKTUBAa, He BHOCHT 3aMCTHBIX 
“MCK@KeHHHM B pe3yJIbTATbl wu3MepeHHit. 
_ Jiusa npupeyeHus WHTCHCHBHOCTH (bryopectieHIlMH K OHOMY BosOyK J arorle- 
“MY KBaHTy ycTaHoBkKa rpayupoBalach 10 ypaHoBomy CTeKJy It AeBATH JIM- 
“sui ptyTaoro cnektpa. Kpuppie BO3OYKMCHHA CTPOHHCh C y4eTOM (bona, Ap- 
KOCTb KOTOpOro B OGacTH 280 My He MpeBbiilasa 5% sapKocTH KeTKH. B oTcyT- 
eTBve mpelapata BeimuHHa MapasHTHOTO curHasa cocTaBiaga oKos0 10% 
curnasa (poua. 
| OnbIThI MIpoBOAMIHCh C KseTKAMH KOCTHOTO MOSTa KDBICbI, CJIy2KHBINMMU 
- OObeEKTOM YINOMAHYTHIX uccreqopanuit (3,4), a TakxKe C KeTKaMM APyrHX THMOB. 
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aX, 

KueTkKH KOCTHOrO Mosra 3aKs1OUaNuCh MCKAY KBaPleBbIMH, IIPeMeTHBIM 
TOKPOBHBIM, CTeKJIaMH B Kame caxaposbi (8;5%). Vsmepanucp CHEKTPHI B 
Oy2KCHHA Ha CyeLYIOULMX CTyNeHAX LpOOHOi skcTpakunu: | — »xxupble Kuler 
I] — kneTKu nocne ylaneHua CBO6OLHBIX HYKJICOTHAOB WM ApPyrux HUu3KONO. 
ME€PHBIX COCAMHEHMH Tip OOpadoTKe 2% HCIO.4 2 pasano 15 mun. npu 4°; II] 
Kl€TKH Tocue ylanenua PHK (10% HCIOa, 18 uac. mpu 4°); IV — xner 
mocwye yAaienua HyKsewHOBbIX KUCIOT (5% HClOa, 40 mun. mpu 70°). 
IIpu cbotomerpupopanuu u oOpaorke pesysbTAaTOR KeTKH rpynmupopam 

10 pasmMepaM 6e3 yueTa BospacTHBIX pasuimunit. Hesapucumocre MoJlyyaem 


cneKTpa. 


MHAuBuyanbupie pa3JM4HA B CHEKTp 
KJI€CTOK OJHOTO MH TOTO »*Ke ipellapata, CBHy 


, TPYMHAIOT aHaIM3 Pe3ybTATOB U3MepeHuli | 

250 260 270 A 280 290 300m TpeOyloT craTucTHyecKoro mosxosa. 

Ha pune. 1 npenctapneusi TIPHBeCHHEK | 

Puc. 1. Cnextpst Bos6y2xqeHHs co6- MaKCHMyMy CII€KTpbIl BO3O6y2KJe@HHA %KUBbE 

CTREHHOH & CRY ORECHGHUNE, ~ RUBS psa KJe€TOK, MPOUeUIMX TOHBI WK. 
KJI€TOK KOCTHOrTO MO3ra_ KpbIChI (/) 4 » TIP 7 i 

KeTOK, JIMUICHHbIX HyKeHHoOBLIx OOpadoTKn. Kaxkyqaa KpuBad ecTD pesyJIbta 


KuCHO? (2). Srech “Hua Puc, 2 —— “venenHeuMnmCHeMt yamrnan XapakTepucTu 
HHTCHCHBHOCTh CBeYeHHA, 2 — YHCJIO 


BO3Oy2KMalolulHX KBaHTOB 


“aTOrO CHEKTPa HE TaeT BOSMOXKHOCTH MOJYYUTb XapaKTepuble JleTasH TOHKO 
CTpykTyppi (1°) *. 

Kak BuO H3 pue. 1, cnexTp BO3OYK CHUA KeTOK Hocue BCex SKCTpakUu 
USMeHHJICA Ca60. M3menenua KocHyJMCb B OCHOBHOM jeROrO Kpbla KpHBOH, 
KOTOPO€ H3MEHHJIO CBOIO BLICOTY OTHOCHTeEIBHO MaKCHMyMa, CoxpaHuB xapane 
MOHOTOHHOFO cnaya K 240 mu. Taxoe HECHMMeTPHyHOe TpeBpanlenue KpMBou, 


B CBOIO OYePeb, IPHBeO K CABUTy ee MaKCHMyMa Ha 3—5 Mu B cTOpoHy KOpoT- 
KHX J\JIMH BOJIH. 


HHTCHCHBHOCTeH JIS JBYX Tap JWIMH BomH 289 mu/280 mp u 280 mp/254 Mp, TO 
Ha CTalMuAax 9KCTpakunu I—I[—II]—IV YCPEMHCHHbI€ KPHBbIe HMeCIOT Cyejy10- 
Uwe nokasatTenH: Ak nepBol mapsi 1,10—1,06—0,94—0,92 u ana BTOpOow 
uapbl 2,9—2,9—2.4 9 3. V3 stux WMpp cekyeT, uTo noceloBaTenbHoe ylase- 
HHEe H3 KJIeTOK HyKJeoTusoB, PHK y JIHK conposoxyaetca MObEMOM KOpoT- 
KOBOJHOBOH 4acTH KpHBOH npH OAHOBPCMCHHOM CMeIILeHHH MaKcuMyma. Stor 


OyKeHHe TpunTopana B HHTepBase 240—280 mu oca6viexo. JleicTBue Apyrux 
buryopecip yrouux AaMHHOKUCOT — THpOsHHa HM dbeHHJIanaHHHa—B TaKux 
YCNOBMAX IlpakTHYeCKH TMapasM30BaHO fab 

PesybTATE MPOBENCHHBIX CHeKTPaJbHbIX HCCJI€OBaHHH MOXKHO 3aKJIIO- 
IHTb, TO dJlyopecheHWMA KNeTOK KOCTHOTO mosra onpeseineTcH Han6osee 
CTOHKUM €€ KOMIOHEHTOM — 6eu1KoM. IIpoune daxtoppr, Bkmouad (pPH3UKO- 


QHbIMH BellleCTBaMH, MOTYT JIMUIb H3Me- 


*% 
3yecb ymecTHo OTMETHTb, YTO CNEKTP NOrMOMIeHHA KAeTOK co 
KHCOTHI, HMeeT THIMYHEI WIA sTHX COeqHHEHHH MWK BOTH3H 260 MU 
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} 


Holl Mpupoye KeTOUHOTO CBeyeCHHA 


2 (2). TlockompKy, OAHAKO, HeHTpaJbuble 
acTBOPbI HYKJIeHHOBLIX KHCJIOT H UX COCTABIAIOMUX He P.yopeclMpytoT ); 


aOmolaBiieeca cBeueHHe CBA3bIBAJIOCb C OCcOObIM COCTOAHHeM TyaHHHa M ero 


PpOuSBONHBIX B KeTKe Cy 


| Tlonysenupie Hamu laHHble WCKIO“aIoT MpsAMoe yuacTHe HYKJIEOTHLOB B 
peuenuu. [losTomy Hao HCKaTb MHOC OObACHeHHe CHWKEHHIO APKOCTH HU, NPe- 
ale Bcero, B TOM, 4TO B COCTAB KUCIOTOPaCTBOPUMOM (pakIMH MOMHMO HYKJICO- 
OB HW HeOo/IbINoro YMCA cna6o dayopeciup yloulux coequHeHul (BHTAMHHOB, 


(WMOMIOB, HEKOTOPBIX COeqMHeEHHH HyKJe- 
yrauoro) = THIIa) «= MOryT BXOAMTb = WHK- 
auecKue +AMMHOKHCJOTEL. Took uTeJIbHBIM 


\HaiM3 SKCTpakTa Ha TpuNTopas onmpaBAbl- 
3aeT TAKOM TOMXOA K ONeHKe NpM4HH CHU” 
KeHua apKocTu *. OfHako B Halllem CJlydae 
ToT SipekT wacTHYHO MOXKCT ObITb CBA3ZAH HM 
e Tem, 4TO o6p26oTKa KUBO KeTKH XJOP- 
HOH KMCJIOTOH MpHBOAMT K ee rudeiu, a M0- 
FoMy colpoBoxklaeTcaA CTPYKTYPHbIMH WM XH- 
yeCKUMH TepeCTpOecHHAMH, KOTOpble CaMu 
mo ce6e He MOryT He BbI3BaTb Vi3MeHCHHA 
dbnryopecieHTHEIX CBOHCTB. 
_ Bropaa M TpeTbs 9KCTPaKUMM BbISbIBaIOT 
MeHee pesKHe H3MeHeHHA APKOCTH, TIOSTOMY 
Jia onpeletenua HanpaBseHHA STOO W3Me- 
HeHUA CrefoBasIO Obl MOCTAaBUTb cmellvaJIbHbI 
SKCHepHMeHT C y¥eTOM BO3MO?KHOTO cK aTHA 
KIeTKM MIpH xuMuyecKoN o6pabotKke. Moxxo 
OKUMaTb, WTO yaseHue HY KIeMHOBHIX KUCJIOT, 
OKA3bIBaOINx uJIbTpyroulee jleicTBHe Ha 
w3syueHve, MpuBeser K pasropaHHlo baryopec- 
TeHIHH. 

C TOUKH 3peHHA yalbTpauouleTOBOH (poTo- 

‘MeTpun m106ad KleTKa — STO HyKsleomporTeny. 
Tlostomy y Hac He ObINO OCHOBaHHH CUMTAaTb 
“yaOmoyaemple cBolicTBa TIpHCyIMMH = HCKIIO- 
“quTesbHO KsleTKaM KoCTHOTO Mosra KPbICBl. 
“DKcHepuMeHTH!, BbITIOJIHCHHBIC C JpyrumMu 
“KeTKaMM, TMOATBEpxXLalOT ITOT BbIBOA. 
. Ha pac. 2 us06paxkeHb! CieKTPbl BO3O0yX- 
JeHUA KeTOK pasHbIX THMOB. Tina Gosputeli 
SCHOCTH CMeKTpbl abl B MPOH3BOJIbHOM 
‘mMacuiTa6e MO BBICOTe. 


__ TipenapaTst KeTOK TOTOBMJIMCb B Bue M 
TIpeMMeTHOM CTeKJIC B BOAHOM cpese. BsBecb 
Kaxjai Kpupaa puc. 2a noctp 


; 
_ -MMKpOKIoBeTe. 


Cc 
Ss 


270 280 290 300 


— 


250 260 


Puc. 2. CnekTpbl Bos0yKeHHA co6écT- 
BeHHOM (piyopecleHUHH pa3sJIH4HbIXx 
KMeTOK H H30JIMpOBaHHBIX Ap. a: 
{ — 9nHTemMabHble KeTKH 4eJ10- 
Beka (cockoO M3 movlocTH pra), 
9 —xneTKH meueHH MbILIM, 3 
ciepMaTHAbI MBI; 6: ] — M30J1K- 
popanHbe ipa KieTOK THMyCa MBI 
wu, 2—Te x%e Agpa mocme yale- 
HUA HyKeoTHIOB, 3 — KOJIOHHA 6ak- 
tepuit Subtilis, 4 —Ta *%e KOJIOHHA 
jocule ylauledHA HyKseH HOBbIX KHCJIOT 


a3KOB HM doTOMeTpHp OBaJIMCb Ha 
aep B Caxapo3e H3MepAsaCh B 
oeHa MO aHHbIM MATH KJeETOK, 


| KpuBbie 26 ABUIAIOTCA YCPeAHCHHDIMH B culy yCIOBHH H3MepeHHA. 

; Kak BulHo u3 o6eux YacTell pucyHKa, BCe CIICKTPp! YMeIOT MaKCUMyM B 0O- 

 nacta 280—290 mu H IpakTHYeCKH MOBTOPAIOT CMeKTP KocTHoro Mosra. HeOoub- 
Wie CMeIILeHHA MAKCHMYMOB, a TaK*KE KoNe6aHua OpMbl KpHBOH MOTyT ObITb 


c -OOYCJIOB JICHbI Kak pa3sJIMUHbIM 


AaMUHOKHCJIOTHDIM cocTaBOM 6eKa, Tak HW pa3- 


 JIMUHBIM COepKaHHemM Apyrux XMMUYUeCKUX BeULeCTB B KJICTOUHBIX CTPyKTypax. 


7 Yaanenue u3 silep TAMyCa CBOOOMHBIX HYKJI€OTHOB, a 3 6akTepul — HYK- 
_ JIGHHOBBIX KUCJIOT (puc. 26) MpwBOAMT K M3MeHeHHAM cmekTpa, aHaJiorH4uHbiM 
“tem, KOTOpble HaGHOAaHCb AVIA KeTOK KocTHOrO MO3ra. 

7 Bee npescTaBsieHHble B pa6oTe PakTbl CBHeTEIBCTBYIOT 06 o6uyHOCTH dlyo- 


‘PeCICHTHBIX CBOMCTB KJIeTOK, KOTOpad MpOABJIAeTCA B OMMHAKOBOH TpHpose 


. * Ayanug skcTpakTa Ha TpHnTopaH Obi BEIT 


ojlHeH mo Hamel mpocb6e B. Ji. HemunucKkon. 
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HOCcHTedel cblyopecteHIMH M OAWHAKOBOM XapakTepe B3aHMOLeHCTBUA TOV 
NOPJOUWLeHHA, MpWHawvexKallux OCHOBHBIM HalOJIHUTeAM KJeTKH. B pesyJ 
TaTe 3TOrO B3aMMOAeHCTBUA SAPKOCTb cblyopecteHuHH HM topma CleKTpa BO 
OyKIeHUA ONpesedAOTCA He TOMbKO GenkoM, HO HM PHK, JLHK u conyrtersy 
ULMMH WM JlaOWJIbHbIMH COCMHCHHAMH, XapaKTepH3yIOULMMH YpOBeHb OOMeH 
BellecTB B KJeTKe. IlosTOMy WIA T1paBHJIbHOH MHTepMmpeTalMH KOJIMYeCTBEHHbL 
JLaHHbIX CyleqyeT KOMOWHHpOBAaTb PJlyYOPHMeTpHyeCKHH aHaH3 Cc adcopOlMo 
HbIM, a TaKxKe C pa3JIMYHbIMH XHMHYECKHMH BOSeHCTBUAMH (OJOKHPOBKOH M0 
rlOWaIOuUX MW BbICBEYMBAIOULMX py, SKcCTparHpoBannem). Hanpumep, moca 
COOTBeTCTBYIOWel OO6pa6oTKH MpenapaTa, Kora oOcTaeTcH JIMUIb OeKOBa 
KOMMOHEHTA KJIETKH, APKOCTb CJlyOpecWeHUHH OJOKHA ONpeseATb KOUIMYUe 
cTBO 6eKa B TOH Mepe, B KaKOH ero olpeysesmeT comepxKanve TpunTodana: 

Aptopbl BbIpakaloT OlaroflapHocTb H. B. Kopomesy 3a meTofMuecKkne coBe 
Th, a Takxe B. JI. Hemunnckxon, B. 1. Bpogckomy u M. C. Illynenb 3a nogro 
TOBKY OnoulorMyecKoro MaTepHaua. 


Tlocrynnuo 
21 II 1961 
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Jloknanp Akagemun HaykK CCCP 
1961. Tom 139, Ne 4 


BHO®H3HKA 


10. B. KYAPAUIOB u A. X. TAMBHEB 


0 TOKCHYUECKOM JEMCTBHH OKUCJEHHOM OJIEMHOBOM 
i KUCJIOTbI HA APO)KOKEBbDIE KJIETKH 


(Ipedcmaeaeno akademuxom B. H. Ilanownukoesim 15 III 1961) 


\ Vaysenue ToKcw4ecKHX MPOAYKTOB, BOSHHKAIOWIMX B OPraHusMax, o6yueH- 
ABIX HOHM3MpPYyIOWLUMH Jly¥aMH, MHTepecoBalO MHOTOUMCJICHHBIX vccyleqOBaTe- 
heli Ha TIpoTAKeHUM BCeli NCTOPHA pawuo6uosoruu. B mocueqHue TOAbI ocoOnlii 
wHTepec npHoopesH paoTHI, BbINOHEHHbIe B aOopaTOpuH B. H. Tapycoza (*), 
MO H3y4eHHIo XUMHUeCKOl IPHPOMbl H MeXaHH3Ma OOPasOBaHA “ILMTOTOKCHYC- 
ckoro akTopa» B TKAHAX OOJYYCHHBIX XXHBOTHBIX. Kak oka3aulocb, WHTOTOKCH- 
YeCKUi PAKTOP, BLISHIBAIOMLM PaspyieHHe MHTAKTHBIX SPHTPOUNTOB 3][OPOBbIX 
yupotueix (1, 4), a TakxKe HW Apyrux KeTOK OpraHHSMOB (°), SBuIdeTCH HeHa- 
CbINeHHOM #KUPHOH KHCNOTOH, ONM3KOH K oenHoson (°). B jabHeHileM BBI- 
CKasbiBayiocb rpesmomomwenne (’) 0 TOM, 4YTO AKTHBHOCT IMTOTOKCH4eECKOTO: 
(axtopa cBxi3saHa B Ooo Mepe C IpodykTaMH OKHCJICHUA HEHACHILLeHHbIX 
YUPHBIX KUCJOT. 
 Bptwio o6napyxKexo (*), YTO OKHCJIeHHbIe MpoAyKTpl OJICHHOBOH KHCJIOTHI: 
TepeKucH, SOKCHIBI, ablerHbl HW KeTOHbI — CHOCOOHBI OKa3bIBaTb CHJIbHOC 
qoKcwuecKoe jlelicTBHe Ha HHTAKTHBI€ SPHTPOWMTE!, Ha (bepMeHTHbIe CHCTEMBI, 
OTBCTCTBCHHbIe 3a ABTOJHTMUECKOE paciierseHHe OeIKOB, a TakKxKe H Ha Ile JIbIit 
OpraHv3M %KMBOTHEIX. 
Vimetoummeca B uTepatype Aanuple (*) CBHeTeIBCTBYIOT O NOABJICHUH B 06- 
“AYYeHHBIX KUBbIX KeTKAX, TKAHAX HM OpraHusMax opranwuecKux mepekucelt 
(B YaCTHOCTH, JIMMMHEIX MepeKuceli), CMOCOOHLIX, IO MHCHHIO B. H. Tapyco- 
ga (2), BHISbIBATh WenHble peakWHH OKUCJCHHA. CoracHo 3TOMY MHeHHIO, CUHTAa- 
eTCH, UTO JMMHAHbIe NepeKHCH ABJIAIOTCA MpOMe*KyTOUHbIMH npollykTaMu 
-pelecTB, WelicTBHe KOTOPHIX IpHBOAMT K pay CHMMTOMOB, XapakTepHBIX MIA Jy- 
yenoro NopaxkeHus opraHusmos ("). BosmoxkHO, YTO HM ApyrHe MPOAYKTP! (Ha- 
TIpHMep, SIIOKCHJbI), TaK%Ke ABMAIONLHCCH MPOMexYTOUHPIMH BellleCTBAMH B 
Hell OKHCCHHA HKUPOB, MOFYT BHISBIBATH PA SPPeKTOB, XAPAKTEPHBIX AIA NY- 
yeRoro Mopaxkenud (HalIpuMep, MYTAareHHble H KaHieporeHHble addexTe! (’)). 
CpaBHuBaxd BJIMAHHe CHHTCSHPOBaHHBIX nlepekucelt (mepeKHCb HajlbAHTAp- 
Holl KUCNOTHI, THponepeKHCb KyMOWIa) C MOparKarollliM yleHiCTBUeM HOHH3HPp yi0- 
mei patuanuu na Oaxtepul, Jlatapxe (2°) o6HapyxKH palMoMUMuTHyecKHe 
cnolictBa mepeKkuceli. OnHako uccuiexyemble Jlarapxke MepekucH He ObIIH BbINe- 
_ sleHbI H3 OpraHoOB HM TKaHeli OOyYeHHbIX XKUBOTHBIX, H TOTOMY TOBOPHTb O pou 
3THX BeUleCTB KaK IPOM@XKYTOYHBIX NpO/yKTOB OOMeHAa B yleHcTBHH OOlyYeHHA 
ya xKMBOH cyOcTpaT HaM KaxKeTCH elle NpexkeBpCMCHHDIM. 

B jannok padore Obiwia CesaHa MOMMbITKA HCCeLOBaTb JeHCTBNeE OKHCJICHHbIX 

TIPOLYKTOB OJCMHOBOH KHCJOTHI Ha ApOAOKEBbIe KJICTKH Hi cpaBHUTb 9TO AelcT- 
- pve C pasMallMOHHbIM nopaykeHveM. 

Matepuaa wu MeToguka. B onbirax uccmeloBpalich eCTeCTBCHHbIE€ 
TanwlOMAHble poxxKU Zygosaccharomyces Bailii u Junuionguble AposoKu Sac- 
charomyces vini, mtamm Merpu-139B. Tlpurotopienve pouoKeBbIxX Mpemapa- 
TOB, a TakxKe UCceoBaHve POpM HHAKTMBALLMH KJIeTOK TIpOH3BOAMJIH MO Me- 

 ‘TOMMKE, LeTaJIbHO paspaOotannol B. WM. KoporofMHbiM (1, 12), u3y4aBuIMM jel- 
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CTBHe HOHH3Upyloulell pakualHn Ha KNeTKH ApodoKel. KyIbTypbl Apo *K 
BbIPaulHBasH pH 30° Ha KocoM arape (2% arap c MMBHbIM CycIOM Kpemocti 
4° no Banauury) B Teyenne 48 vac. HM CyCNeHMpOBasM B CTepHIbHOM BOOMP 
BOJHOH Bote. KonMeHTpallua CyCHeH3HH [poxkxKeH, MPHMeHAeMbIX B OMBbITA 
cocTaBisauia o6praHo 50—80 -104 kmetok B 1 Ma cycneH3un. K | Ma nonyyenHt 
cycneHsHu 1oOaBiamtM 1 Ma 9MybCHH OKHCeHHOM OeMHOBOH KuCAOTH (OO) 
B pasHbix KOHWeHTpaluax. Tlocme 2—5-yacoBoro cosepKaHHA APORRKEBLIX CY 
MeH3Hi C MCCuIeLyeMbIMH BeUeCTBAaMH JPOXKH WeHTpHpyrupoBalM B TeveHh 
10 mun. mpu 2000 06/muu. Ocaqok (pox KeBbIxX KJIeTOK OTAeIAIM UM pasBolH 
BOOM IO UCXOAHOl CyCNeH3HH HM BbICeBaJIM Ha MpeMeTHble CTeKa, paBHOMEPF 
NOJIMTbIC MUTATeJIbHbIM arapom. IIpeameTuble cTeKa NOMeilaiM B yauiKkH Iletp 
vi COfep2KasIM B TepMocTate mpH 30° B Teuenue 24 uac. Ilonyyennble mpenapaT 
paccmMaTpuBaJIM MOM MHKpocKonoM mpH ysBemmuenun B 100 X (056. 10, ox. 10X 
molcueT KOJIOHHM HM KeTOK MpOM3BOAMJICA Mo CHocoOy, OMMCaHHOMY B JIMTep 
rype (#1). CormacHo STomy cioco6y, MoxcueT MUKPOKOMOHHM OONYIeHHbIX LpOm 
*KEBLIX KJI€TOK MIpOH3BOAAT MO CjeLyouluM Tuam: | Tun — eqMHHGHbIc HHAaK 
THBUPOBaHHble KeTKH (rHO6eb «m0 ysom»); Il Tan — MMKpOKOJIOHHH u3 2- 
4 KjeTOK (MHakTHBallua Hocwe 1—2 nouKkosanui); II] Tan — sBesqo06pasubl| 


PbIXJbIe MHKPOKOJIOHHU (HempaBHJIbHOH cbopmpl) u3 20—100 kmeToK (MHaKTHBa 


ius mocae 4—7 iukK0B pasMHoxeHHa); [V Tun — HOpMasbHO pa3BuBIMecs 
MUKPOKOJIOHHH B (POpMe AHCKOB, COCTOAULMe H3 KOMMAKTHO PaCcMOJIOKCHHBIX aK} 
THBHO leJIAMIMXCA KJICTOK. 
OG6smyyueHne ApoxKxKeli WpoBoquH Ha ycTanoBKe [YT-Co400 pa3ubimu qo3a: 
MH y-s1yyeH. OOK nomyuaiu B pe3yJIbTaTe BbIepxKHBAHHA OJIEHHOBOH KUCJIO 
Tol B TeveHne 24—48 yac. mpH 60° 4 OKHCMeHUA ee TOKOM BO3ayxa. AnamH3 mpo? 
AYKTOB OKMCJICHHA OJICHHOBOH KHCJIOTHI: MepeKHCeH, IMOKCHOB, aJIbleruoB 
KeTOHOB,— a TakxKe HOMHOFO H KUCJIOTHOTO 4HCe MpOBOsWICH NO MeTOAM 
KaM, YIOMAHYTBIM paHee B JIMTepaType 
(*). OkuceHHyt0 OIeMHOByIO KHCJIOTY 
CojepKaHne MpOAyKTOB, OOpasyiouluxca SMYyJIbrHpOBaIM B  TOMOredu3aTOpe 
B OJIEHHOBOH KHCJIOTe B pe3yJIbTATe 24— (30 MUH.TpH 5000 06/MuH) pu 0o6aB- 
48-yacoBoro OKHCIeHUA 2 
ueHun 100 Ma BoompoBoyHOH BObI 


TaoOauna ft 


8. Witenes! Bio: “Aanze- a ‘ K oe ma OOK, pacTBopeHHoH B 5 Ma 
Ze | kuce |xcumu |i croun| ES | 8 96% sTuoBoro cnupta. Ilowysexnnyto 
ar 85 | Se amyubcuro OOK (ucxoqHad KOHUeHTpa- 
&= | pMon. O,n4ruazecku] Ho | Yo WHA) pasOaBiaH BOJOM B pa3Hu- 
ae a =~ |<? Hoe uHCIO pas JO KOHWeHTpaunn: 0,75; 
wh; Penmeey eeecet ir 0,5; 0,25. Konrpoviem Beerya CAYKVIA 
78 | 220 | 260 | 615 | 80 | 189 APOXKH, He NosBepraBiiueca HM JelicT- 


BHi0 OOK, Hu OOsy4eHHIO HOHM3HpyIo- 
WMMH JlyuaMH. 

Pe3syabTaTu. Tlocne okucieHuA OeCHHOBOM KUCOTHI B Hel OOpa- 

BYIOTCA Me€PeKHCH, IMOKCHIbI, albyeruybl H KeTOHbI (Taba. 1). 
Mcenenyemax OOK (pH ~ 6) mpu qo6aBeHuH K CyCMeH3HH ApouoKeBbIX KJIeETOK 

OKa3bIBaeT OTYUETIMBOe TOKCHYeCKOe Je€HCTBH2, KOTOPOe BbIPaKaeTcA B IIpeKpaille- 

HHA JeJIeCHuA JpOxKKeH Ha PaSHbIX CTAHAX OOPa30BaHHA NOpaKeHHbIX KOJIOHHH. 

B ycOBMAX HallIMX OMbITOB KOHTPOJIbHbIe MpOOsl, T. €. Te MPOObI, B KOTOPbIX 
K [\POXKXKEBLIM KJI€ETKAM BMECTO 9MYJIbCHH OKHCJICHHOM OJIEHHOBOM KHCJIOTEI 1O- 
OaBJIAJIM B TOM 2Ke KOMYeCTBE BOY WIM Apyrve BellecTBa (HeOKUCeHHaH OWen- 
HOBaA KucoTa, 5% STHIOBHI cuupT, 5% 3ITHAOBLIM CHUPT H WaBeeBad HM 
COJIAHaA KUCOTa pu OOulem pH pactBopa oT 4,5 No 7), HMeJIM HOPMaJIbHO pa3- 
BUBalOUlMeCA MHKPOKOJIOHHU B Cbopme «1ucKoB». B cstyaae ele Ooubuiero NOs- 
KHCJICHHA Cpebl B KOHTPOJIbHbIX 1poOax HaOsOLalacb MaCCOBadA HHAKTHBAllNA 
APOACKEBBIX KJIeTOK, BbIPAaKaBMIAACA B MOJHOM NipeKpauleHHu JeseHHA M M0- 
CUIEAYIOULEM JIH3HCe KJIETOK. 

B pesyibrare no6annenun OOK mponcxoxuT mopaxkenne [pox xKeBbIx KuIe- 
TOK B pasHon crenenu. Hapsazy c ChMHHUHBIMH HHAKTHBUPOBaHHbIMH KJIeTKaMH 
(UHaKTHBAallua Ge3 jeeHUA) MUKpoKosioHH | Tuna MO*KHO HaOMOLaTb «1BON- 
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| 
iy, «TpOMKM>, «yeTBEPKM> Mukpokosionuit I] Tuna 4 sBe3qooOpasHble PbIXWAbIe 
)pMbI mukpokovionuit III Tuma, cocToaIlHe U3 20—100 KusleTOK. 
' Bce 9To cBuseTeJIbCTBYeT O TOM, TO IIPOUCXOAUT THOesb WIM 3aepxKa Me- 
2H JIPOMK2KEBLIX KJIETOK Ha pasHbIX CTaMAX oOpa30BaHHA KOJIOHHH. 
| ObpasyroulvecaA B pesyJIbTATe nefictrsua OOK wHakTHBHpOBaHHble KOJIOHHH 
seme — no dopme HM pasMepaM — HaNOMHHAIOT ApPOAKeBble KOJIOHHH, OOpa- 
)BaHHbIe H3 KJIeCTOK, OOJIYYCHHBIX Y-yuaMy. PanHpie ObluiH MOpoOHO onmuca- 
pI Take 2Ke (POpMbI HHAKTHBA- 
WM y ApoxoKeli, OOyYeHHbIX A032 —> 
OHM3MpyiouluMu s1yuamu (7). % 0 10 20 JO 40 50_KP 

Tlomumo 93Toro~ BHellIHero 
xocTBa mopaxkatoilero AelicT- 
ua OOK c jelicrsueM MOHH- 
MpyIOWUx us/1y4eHHH, HaOJIi0- 
laeTCA CMeMMPNYHOCTb B 4YB- 
TBUTEIbBHOCTH K OOOMM BHaM J 
jo3MelicTBHA pa3HbIX LTAaMMOB 
(poxxeli. Tak, pa3Hble KOH- 
extpauuu §=OOK oxkasbipaJ 
jomee CHJIbHOe nNoparkarortlee 
(elicrBue Ha TanJIOHIHble KeT- 0 Q25 050 ~— is f 
| Konyexmpauua 00K —> 
<M 110 cpaBHeHHIO C JMIVJIO“A- 
boii (pu. 14). Fansonaunie PYG 1 BC Ccrmounue noun) Yost 
AJIeETKH fporwKKeH SHAYHTCJb- yas (nyaKTupHble KpuBple). 1 Bes deoniacle Seren 
4o GOovlee UYBCTBUTeIbHbI K 2 — ranouqHpe KJleTKH 
rokcuueckomy jJlelictBui0 OOK, 
yeM unnovsubIe. To Ke MpowcxoquT H NpH y-oomyuenuu (puc. 15). 
JiurepatypHble JaHHble TakxKe CBHJETEbCTBYIOT O GouIbel payMOuyBCTBUTEeJIb= 
WOCTH TamJOMAHbIX poxoKel MO cpaBHeHHIO C AMMJIOMAHbIMH (ie): 
_ Us puc. 1 BHO, YTO H3MeHeHHA BDKMBAHNA TamJIOMMHbIX KJI€TOK B 3aBH- 
leumocTa of KoHUenTpanun OOK wan B 34BMCHMOCTH OT BeAMYMHEI LOSbI oouly- 
WeHUA BbIPAKaloTcH KPMBOH, HanOMUHaIOIleH BKCMOHeEHTY, Tora Kak AVIA 
(IMNOMAHBIX KsIeTOK XapakTepHa Oosee Nooran, pacTanyTan KpHBasd CHrMOu- 
Ho popmbl. Homyuennple pesybTATbI M0 jeficrsuio OOK, ovesHuo, OTpaxkaloT 
MMeHHO XMMMYeCKOe JeHCTBHe TOKCHYCCKUX areHTOB, a HE WU3MeHeHHe KHCJOT- 
HOCTH cpelbl, KOTOpad CTporo KOHTPOJMpoBasach B OMDITAX. Ha6.ogzaemoe 
lexogcrso B feiicrsuu OOK um vonusupyiomjen paivatuu Ha [pox KeBble KJeT- 
KM aBaaeTCH Toka TobKO BHeWIHMM. JaibHeHIMe SKCIepuMeHTDl TO3BO AT 
‘Ham TstyOKe UCCIeIOBATh BOMpoc O Pa/MOMUMUTHCCKHX cpolictpax OOK. 

Asroppi GnarogapatT npop. b. H. TapycoBa 3a MOMOMl{b HM TWeHHbIe ykKasa- 


HHA. 


MocxoscKuli rocyapcTBeHHblt yHMBepCcHTeT TloctynHJ10 
15 III 1961 


um. M. B. JlomoHocospa 


LMTHPOBAHHAA JIUTEPATYPA 


15. H. Tapycos, C6opH. CT. Tleppuunpie mporecchl § JIyueBoro Op axKeHHA, 
“nog peg. B. H. Tapycosa, 1957. 2A.C.Mouaauua, tam xe.® 10. B. Ky ap amos, 
TaM Ke. 4B.H.BeuespouweHCKHH, TaM xe. 1957.5 A. UW. Tloamuspoga, TaM xe. 
610. B. Kyapxmos, JAH, 109, Ne 3, 515 (1956). 710. B. Kyap amos, 
B. Manpu uv ap., Paguoouonorua, 1, B. 1,78 (1961). §B. Maabu, Buodusuka, 5,8. 5, 
446 (1960). ® Z.M. Bacgq, P. Alexander, Radiobiology Symposium, London, 1954. 
10p JIatap «xe, Monnsupyroline usyuenis u KeTOUHBIi MeTadoH3M, HJI, 1958, crp. 334. 
“up. Hu. Koporogus, Buodpusuka, 3, B. 2, 206 (1958). @B. HW. KoporogauH, 
'B.H. Tapycos, A. X, Tam6nes, Buodusnka, 4, B. 2 (1959). 
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Jloxxagm Akagemunu ‘nHayrx CCCP 
1961. Tom 139, Ne 4 


C. C. MYCAEJIAH u WH. A. CbhITHHCKHH 


BJIMAHHE OBLIEFO PEHTTEHOBCKOFO OBJIYYEHHA HA YPOBEHI. 
y-AMMHOMACJIAHOM KUCJIOTbI B MO3IrE : 


(II pedcmaeaeno axademuxom B. H. Yeprueoecxum 25 III 1961) 


BuoxMMuyecKhe OCHOBbI HapylleHH B WeHTpasIbHOH HepBHOM cHcTemMe 
HepBHOM peryJALHH pH MOHMSHpyrolleH palMallun M3y4eHbI BeCcbMa MaJO 
Vicenenopanve oOMeHa Y-aMuHOMaciisHOH KucOTHE (TAMK), oka3prBatomel 
TOPMO3HAIlee MelcTBHe B WeHTpasbHOM HePpBHOH CHCTeMe NO3BOHOUHBIX MU Oec! 
TOSBOHOUHBIX, TpelCTaBJIAeT MHTepec MIA OWCHKM POJIM HeEPBHOM pery JAUME 
Ip syyepom nopaxenun (17°). 

B 3aflayy HacTosmlero ucceloBaHuaA BxXOfHJIO H3yyeHHe ypopHa TAMK) 
B MO3re KPHIC, MOABeprimiuxcaA OOIleMy PCHTTeEHOBCKOMY OO IyYeHHIo *. 

MetTojuxa. B onpitT 6panncb Oeuble KpbICbI BeCOM OKOIO 200—250 ry 
O6ulee peHTTeHOBCKoe OG6syyeHHe Zo3amu B 400; 800 u 1000 r MPOWSBOAMJIOCE 
¢ MOMOMbIO armnapata PYM-3 npu cwuelyroulMx TeXHHYeCKHX YCJIOBHAX: cna 
toKka 10 Ma, HampsKeHne Ha TpyOKe 190 kB, 6e3 (PUILTpPa, KOXKHO-COKycHOe pac 
ctosHve 60 cm. )KMBOTHBIe IeJMKOM 3aMOpaxKHBaJIMCb B XUIKOM KUCIOpOL 
enycta 2; 3; 4; 6; 8; 9; 10 u 11 cyTox nocne o6myyenua. TexHuka o6pa6oTKH 
MO3POBOH TKaHH MpOBoOsMNach MO MeTOAMKe, TpeloweHHoK PoGeptcom (°). 
KosmuectTBeHHoe onmpefesenve TAMK ocymlecTBaocb mocpecTBOM XpoMaTo- 
rpacbwueckoro aHau3a Ha Oymare (“). B KayecTBe MOABHXKHOFO pacTBOpuTelA 
Oba UCHOJIbSOBaHa CHCTeMa: H-OYTHJIOBbIM CNMPT — yKcycHaw KuCJIOTa — Boa 
(4: 1:5). Xpomarorpaduyeckoe pasjemeHve NpoMsBoAHJOch Ha (PUJIbTpPOBaJb- 
Hol Oymare Batman Ne 1. Ha ogny u Ty Ke XPpOMATOrpaMMY HaHOCHJIMCb 9KCTpak- 
Tbl MOSroBOK TKaHH Kpbic HM cTaHfapTHbie pactBoppl TAMK  pa3anuqnon 
KOHICHTpalluu **. OnpejevieHhe BeJIHYHHBI OMTHYeCKON MJIOTHOCTH pacTBopa Med - 
HOHHHIMApuHOBOrO Komiviekca c TAMK nponsBoqusiocb Mp MOMOMIM creKTpo- 
cotometpa C®-4 npv Aaune Bop 512 mu. 

PesyabtTatT uh. Jlanupie no cogepxanuio TAMK B Gombuiux mouymiapuax 
FOJIOBHOTO MO38ra KPbIC IIpH HenocpeCTBeHHOM 3aMOPaxKHBaHHH %KUBOTHOTO 
IeJIMKOM (HOPMA) NOKa3bIBalOT, UTO HHAMBULya/bHble KOeOaHuA HeSHauUTe.b- 
HbI: 16,2—20,4 mr-%. Cpeqnee u3 12 onpiTtos 18,9 ++ 1,28 mr-%. Yposenb 
TAMK 8B Mosre KpbIc, MOfBeprHyTHIX OOMeMy PeHTTeHOBCKOMy OG6.1yueHHIO, 
mpvBeeH B Ta6u. |. 

Hamu onbitbl noKa3aJiv, 4To o3bI B 400 u 1000 r He JaroT H8MeHeHUA B ypoB- 
He TAMK. Hesnauntenpupie KoueOanus 10 CpaBHeHIO C HOpMOM cTaTucTHYE- 
CKH HejocropepuHbl (*). Ip o6myuenuu 2MBOTHBIX o30i 800 r ormeuaetcsa no- 
BbieHHe ypoBHa TAMK, xKotopoe coxpansetca B Teyenne 7 Hel. STO moBEI- 
menve ypopHa TAMK no cpaBHeHuio C HOpMOM cTaTHCTHYeCKH JOCTOBepHO: 
pee 9,01, 

Apex Lospi o6syyenus B 800 r, no-BuzuMoMy, O6ycsOBsIeH pa3BUBAaIOILUMCcA 
HPWH STOM COCTOAHHeEM TOPMOXKeHHA IWeHTPaJIbHOM HePBHOM CHCTeMbI, KOTOpoe 


* TloioxeHo Ha gaceqaHHH ceKuHH 6voxHMHH JleHHurpagcKoro O6ulecTBa cbH3HOJIOroB, 
OHOXHMHKOB H tbapMakosorop um. MW. M. Ceyenopa 17 XI 1960 r. 

 TIpunocum riy6oKkyio 6arogapHocts mpod. E. Podeptcy (E. Roberts, City of Hope 
ene Center, Medical Research Iustitute, Duarte, California) 3a npegocrasnenue lpenapata 
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Ta6Oaunma l 
Conepwkanve TAMK B Oompurnx nonyulapHAx TOMOBHOTO MO3Ta KpbIC Mocue o6ulero 
PeHTreHOBCKOrO OG/IYYeHUA B MUJVIMTpaMM-mpomentax * 


Zlosa 400 r Jlosa 800 r Jiosa 1000 r 


Bot 
ERE 
oS KoleOaHuA cpefHee Koe6aHHA cpefuee KoneOaHua cpequee 


2 |17,4—20,0| (5) 19,0+1,49] 20,4—23,5 | (4) 21,8-4+1,13 
3 16 ,2—22,8| (5) 19,3+2,9 
4 24,1—24,0 | (5) 22,3+1,08 
6 |46,5—20,2| (6) 18,1441 ,54] 19,8—24,2 | (6) 22,142, 13 
8 20/4—21,0 | (5) 20,7-0,22 


oF | 15,4—21,3 | (5) 17,8-42,16 
40 16 ,9—20,9| (4) 18,64, 69 
44 18,6—19,8 | (2) 19,2-++0,85 


*B cxo6Kax — 4HCO OMBbITOB. 


jocTuraeT cBoero MaKCMMyMa Ha 3—4 cytku (*°). BosMoxHO, 4TO STO CBA3aHO 
‘¢ MOBbIeHHem cosepxaHua TAMK B Mosropoi TKaHH. Tloka3aHo, 4TO pH 
WOHUZUpyloule paluanun HaOuOAaeTCA yCuMeHMe PIMKOMH3A C OLHOBPCMCHHBIM 
HapyuieHveM yTHJIM3alMH KUCOpowa MO3rOBOH TKaHbIO MH BO3HAKHOBCHHeM 
runoxcun (2°). YKasaHHble MpOlleccbl MOryT BbISBAPb CHH7KeHHE pH mosrosoit 
TKAaHM, YTO, KaK H3BeECTHO, CMocoOcTByeT YCHJIeCHMIO AKTHBHOCTH jleKapOOKCH- 
jla3bl FAIOTAMMHOBOM KHCOTE Mo3ra M Hakorenuio TAMK. 

Takum o6pa3om, yBesM4eHHe CojsepxKannA TAMK B mosre mpv oOuleM peHT- 
TeHOBCKOM OOJIYYeHHM OpraH3Ma, BO3MOXKHO, ABJIACTCH 3allMTHOH peakilMen, 
CMocoOcTBYIONLeH pasBUTHIO COCTOAHUA TOPMO?KCHHA IeHTPaJIbHOH HepBHOH 
CHCTeMBI. 


Uncrutyt dusnonornuu um. UH. II. Mapnopa Tloctynusio0 
AkajlemuH Hayk CCCP VietiT 190! 
UATHPOBAHHAA JIMTEPATYPA 
1 £. Roberts, Progress in Neurobiology, 1, Neurochemistry, London, 1955,p.14.? K. Ae 


C Elliott, H. BM. Jasper, Physiol. Rev., 39, 383 (1959). PK. Kadl a.m, 
Federat Proc., 17, 1018 (1958). 4 C M- Bepemaruu, HW. A CutTHHCcKH ii, Dusvow. 


“xKypH. CCCP, 46, 1287 (1960). “H Nishi, 1.Su dow, T. Ohtsu, Yokohama Med. 
Bull., 10, 129 (1959). 6E Roberts, S. Frankel, J. Biol. Chem., 187, 55 (1950). 
7T. H. 3afuesa, H. Il. Twonaenesa, JladoparopHoe jeno, cy? Maral lnay © 


8p A. Pumep, CraTHcTHyecKHe MeTOABI MIA MCCeOBaHHA, M., 1958. ® A. B. Jle.6 e- 
muuckuit, 3.H. Haxuapbuuukaa, Bauanve HOHM3Upyloulnx u3JlyueHHH Ha HepB- 
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o 


K HH a, Ceccun AH CCCP no mupHomy HCIIOuIb30BaHHIO aTOMHOH SHeprHl, 3aceq. OTAeN. SHON. 
Hayk, 1955, crp. 289. 
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Jloknannr Akagemun nayr CCCP 
1961. Tom 139, Ne 4 


BHOXHMH 


E. C. EJIXOBCKAS, A. 9. KAJIMAHCOH, JI. NM. JIMMUYMHA, B. H. TRBEPHTHHOB 
uv A. ©. VETBEPHKOB 


PA3JIM4HAA YYBCTBUTEJIBHOCTb TKAHEM TEMATOMBI 
YW HOPMAJIBHOM MEYEHHW K BO3XEMCTBHIO MPOMMJITAJIJIATA 


(IT pedcmaeaexo axademuxom B. H. Koxdpamoeeoim 30 IIT 1961) 


B paOorax H. M. QmanysuiA c COTP. NOKa3saHa OOJIbIIaA YyBCTBUTEJIbHOCTb 
ONyXOJIEBLIX KJI€ETOK MO CpaBHeEHHIO C HOPMAJIbHBIMA K BO3JeHCTBHIO MpormMu- 
ranmata (TIT). TID, B3satpit B MaJIbIX KOHI€CHTpallMAX, MpeCHMYILeCTBeHHO 10-) 
JlABJIA€T OKUCJIMTCJIbHO-BOCCTAHOBHTCJIbHbIe TMPOWeccbl B OMMYXOJICBbIX KJIeT- 
Kax (1,2). Pasm4uHad’ 4yBCTBUTeJIbHOCTb ONYXOJICBLIX H HOPMAJIBHBIX KJICTOK | 
K BOSJelCTBHIO MponMJralaTa BbIABJIAeTCA TakxKe, eCJIM 3a KPHTepHi uyB- 
CTBHTeJIbHOCTH MIPHHAT cojepxKanHe pHOouyKsevHOBOM KucsOTEI (PHK) (°). 
B pa6ote (°) ycTaHoBJIeHO yMeHbINeHHe Cosepxanne PHK B onyxovuleBblx KsleT- 
KaX IIpH BOseHCTBHM HeOOJIbIUMMKM JO3aMH Mponuuiraata; B KJIeTKaX HOp- 
Ma@JIbHOM MeyeHH MpH STHX KOHIWeHTpauMaAx MHTuOUTOpa cogzepxKanve PHK | 
ocTaeTCA H€H3MCHHBIM. | 

B uactosmei pa6ote, NocTaBJieHHOM Mo Mpesowennuio H. M. Smanysa4, 
B paSBHTHe paHee MpOBeAeHHbIX HCCJIeLOBaHH, H3y4aIOCb MeTOJOM 3JIeKTPOH- 
HOrO HapaMarHUTHOTO pes0HaHca (9. H. p.) B3aMMOselCTBHe Mponusrannata 
C €/MHbIMH oO PHCTOreHesy ONyXOJIeBOH H HOPMaJIbHOM TKAHAMU: C remaTOMOl Hu 
C HOPMaJIbHOM NeyeHbIO. | 

Kak W3BeCTHO, B INMpOKOM psy OMOsOrHYeCKHX OObEKTOB, NOABepraBIHXcA | 
3aMOpaxKUHBaHHlo B Mpolecce AKTHBHOM XKH3HEJeEATeEMbHOCTH H 3aTeM JHOMMIN- 
SHPOBaHHbIX, COHAPYyKMBAIOTCA CHIHAJbI 9. I. p. B BHe JocTaTOUHO y3KUX 
(7—10 rc) acMMMeTpHUHIX CHHIVIETOB C KOHUeHTpalue mopaaka 10-7—10~° 
MOJIS| HECIAPCHHDIX QJIEKTPOHOB Ha | r cyxoro Beca (4-8), Uccnenopanuch Takxe 
M onyxoylepble TKaHH. I[loKasaHo, 4TO ONyxoOJeBble TKAHM (remaToma) MO cpaB- 
HeEHHIO C HOPMAJIBHBIMH TOMOJIOTHUHBIMU TKAHAMM (MeyveHb) cosepxKaT Ha | T 
CyXOrO BelleCTBa B JIBa-TpH pa3a MeHBIe HeCHapeHHbIX 3IeKTpOHOB (4,°). 

B lpHBeJeHHBIX HaMH SKCIe€PHMeHTAaX MCMOJb30BaJIMCb NepeBUBHAA COJIM- 
Has renatoma X XII y mpnueii C,;HA (7°) uv neveHb 320pOBOii MBI TOM Ke JMHHH. 

MsmeubueHHble TKaHM TeYeHH MW TemaTOMbl, B3ATbIe Ha 13 TeHb Mocse Mepe- 
BUBKH, MpOMbIBaJINCb OXJIAKTCHHLIM (PU3HOJIOTHYeECKHM PaCTBOPOM H 3aJMBaJIHCb 
PacTBOPOM MIpOnMJiraaTa pasJIMYHbIX KOHWeHTpauHnh (0,75; 0,3; 0,154 0,015%). 
KOHTpOJbHbIM MaTepHasl 3aMBasIcd TemH 2%Ke OObeMamu cbu3sHOmOrHYeCKOrO 
pactpopa. MukyOauna Beach B TeveHne | yaca Ip KOMHATHOM TemMepaType. 
Tlocue WHKyOallMM AKHLKOCTL CIMBaacb, TKAaHb MPpOMbIBaaCb OLMH pas OXJia- 
2KJLCHHBIM (PH3HOJIOTHYCCKHM PaCTBOPOM H 3aTeM JIMOMUNsHpOBanacb *. CekTpbI 
CHHM@JIMCb IIpH KOMHATHOM TemmepaType cpa3y xKe Noce sModuMsalMH Ha 
ycTanoske Tuna OLIP-2 MX AH CCCP (14), Konnenrpamuio cBo6osHbIx palu- 
KaJlOB B OOpasile ONpeseAM MyTeM CpaBHeHHA CHrHawa 9. Il. p. HCMBbITHIBae- 
MOro OOpasila Co CTaHAapTHBIMH OOpaslaMu AMcenusnuKpHsrHsAposusa. Cnenyer 
MOAMEPKHYTb HeEOOXOAMMOCTh 3aNMCH CHeKTPOB 9. Tl. p. cpasy xe Moce u3- 
TOTOBJIEHHA OOpPasiloB. CelaybHO MOCTaBJIeHHbIe OMbITH! YCTAaHOBUIM, 4TO 


CHTHaJIbI 9. I. p. B ClyYae KOHTAKTA COPAaslOB C BO3yXOM BHayase BOSpacTa- 
OT, a 3aT€M peakO CHHKaloTCA (pu. 1). 


* Metoquka sModuiHsannH onucana B pa6ote (22). 
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Tlouy 


YeHHbIe WaHHble NO COJepsKaHHlo CBOOOJIHBIX pawUuKaJIOB B remaToMe H 


ieYeHU TMOJIHOCTbIO COPlacyroTcA C JIMTep aTy pHbIMU yKa3aHHAMH: KOJIHNYECTBO 


leClapeCHHbIX JJIEKT PpOHOB 


B OMyxoJeBol TKAHH B 2—3 pa3a MeHBINe, YeM B HOP- 


lanbHol. CnemmaibHo NocTaByleHHbIe HAMM SKCIEPHMeHTH! MOKasaM, YTO STH 
(OOTHOLICHHA MeHAIOTCA, eCIM TKAaHM JO 3aMOpaxXUBaHUA MOMeCTHTb Ha 1 aac 
; armocdepy aprona. Bemwuuna curHasa 9. 1. p. B TKaHM PenaTOMbl B aHaspoo- 
IbIX YCJIOBHAX 3HAYMTEIbHO BOspac- 


‘aeT HU JOCTHraeT BEJIMUMHbI CHPHaa 
1OpMaJIbHOH neuen. BenMunHa Ke 
‘MrHala TKAHM HOPMaJIbHOM eden 
3 aHaSpOOHBIX YCJIOBMAX He MeHA- 
etca (pvc. 2). Pasmmunoe mopese- 
ame OMyXOJleBOH HW HOpMaIbHOM TKa- 
deli B aHa9PpOOHEIX YCJIOBUAX, B CBOIO 
ouepelb, yKa3bIBaeT Ha ocoOeHHOCTH 
OKHCJIMTEJIbHO - BOCCTAHOBHTCJIbHbIX 
[polleccoB B OMNYXOJeBbIX KJCTKAX. 
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Benuyura Cuena706 anp.—>- 
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 Pasawaua MexkKAy onyxoleBon uM 
é bp 
HOPMaJIbHOM TKAHAMH BbIparKaloTcA 5 10 vac. 13 2 6 SOcym 


B MX passM4HOH peakUMH Ha BO3- 
jlelictaue nponuurannata. Ipu stom 


Puc. 1. UsmeHena KOHWeHTpallHH CBOOOMHEIX 
pagukaloB B Mpoluecce xpaHeHHA HOH 3H- 


KapakTep peakIMH HM e€€ MHTCHCHB- = popannpix oOpasioB Ha BOSyXxe. I] — renato- 


(HOCTb 3aBHMCHT OT 


wHrHuOuTopa (puc. 3). 


Ip o6padorKe HacbIleHHbIM pac- 
TBOPOM NponusrassatTa 


KOHICHTpallunH ma; // — neve, o6padotanHaa 0,75% mpo- 


musrannatom; /// — renaToma, o6pa6oTaHHaA 
0,75%  mponvurasiaToM 


(0,75 %) or- 


MeuaeTCA Hepe3KO BLIP aKeHHOe YMCHDINCHHe KOHICHTPalny CBOOOMHBIX paukKa- 
JIOB UW BTKAHHTenaTOMbl, HB TKAaHM MeveHH. Vinnie cooTHomeHud HadsIOLaloTcs 
pu Bosfelicrauu 0,3% pacTBOpOM Il. Konuentpaiua cBoOofHblx pasuKaJloB 


1 


103apem, 
—— 


2 3 4 


Puc. 2. Cnextppl 9. 0. p. TKaHel 
renaTOMbl HW MeveHH, HaxOMALULNX- 


CA B pasJH4HBIx yCoBHAX. | — 
nleyeHb Ha Bosfyxe; // — neueHb 
B aTmociepe aprona; /// — rema- 
TOMa Ha Bosfyxe (BeHYHHa CH- 


rHaia B 2pa3a MeHbUIe, 4eM B 
meuenu); /V — renaToMa B aTMO- 


ccpepe 


aproHa (CHTHal pe3KO 
BOspacTaeT) 


B 3TOM Culyuae B remaToMe B 2,5 pasa yMeHbIIla- 
eTca, a B leven B 2 pasa BospacraeT. 

IIpu B3aHMOJeHCTBUH TKaHel C 0,15% pac- 
TBOPOMIIT KOHIEHTPallHA CBOOOMHEIX pakUKaOB 
pospactaeT M B rematome (B 2 pasa), H B meueHH 
(Bp 4,5 pasa). Ilpu B3saMMoyeHcTBHH C 0,015 % 
pacrsopoM III’ KonlenTpalna CBOOOMHBIX pa- 
WMKaJIOB B FemaToMe MpooJnKaeT HeSHAadHTeJIb- 
HO BOspacTaTb, a B MeyeHH ocTaeTCH Ha YPOB- 
He KOHTPOJIbHOrO OOpasila. 

ObcdexT yBewmyenuA cHrHata 9. Il. p- nipv 
B3aMMOJelCTBUM Mponusraisata c cyOcTpaTaMu, 
6oraTbiMH OeKaMH (aCHMTHAA YHAKOCTH, aCiHT- 
wad [a3Ma, AMUHDI ambOyMuH), Opis OIMCaH 
H. M. Smanyszem u T. 9. Jinmatoson (ey, 
Vimn O6piso BbICcKa3aHO = mpesnouowKeHHe, TO 
yBemueHve CHTHaa 9. I. Pp. cBai3aHo c cop6- 
Wei Ha OemKax CBOOOJHBIX paflMKavJIOB, 06- 
pasylouluxcA M3 NponMsrassata. 

Bo3HuKHOBeHHe CeMHXHHOHHBIX HOH-pali- 
KaloB M3 NponusratiaTa Oplio WOKasaHO Kak 


COBETCKUMH Tak MW 3apyOexKHbIMA UCCJeLOBATe AMM (12,14), OKcrepHMeHTaJIbHO 


Oblyio ycTaHOB/IeHO, 4TO Y 


ABIAeTCA pesyJbTAaTOM cop 
12 
pax (*). 
TI popemennpie McceoBaHHA MOKasbIBaloT, yTo addbeKxT cop6uun (yBemHye- 
 HWe KOHIEHTPallHH CBOOOHBIX pasukauoB) BblparkeH Oovlee pesKO TPH B3aHMO- 


jeMCTBHH nponwJraisata € 
Hoe yBeJIHueHHe KOJIHMUeCCTB 


BeJIMUeHHe KOHILCHTpalluu CBOOOJHBIX paMKaJIOB 
WHH CeEMHXHHOHHbIX MOH-padHkKaJIOB Ha OvonoJIMMe- 


TKAHbIO HOpMaJIbHOM neueHH. IIpu STOM MaKCHMAa\Ib- 
a CBOOOJHBIX palMKaJIOB B TMeueHH HaOmoflaeTcaA pH 
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o6padoTke TKaHH 0,15% pacTBOpoM MponusranaTa, a B remaToMe MIpH o6pa 
6orKe IIT B KonnenTpaun B 10 pas Menuet (0,015%). TkaHb meveHH K MaJIBIN 
KOHUeHTpaMam unrvOuTopa (0,015) npakTuyeckH He U4YBCTBHTebHa; KOJI 


S 

S wr 

Sa G 

SS 70 g 

24 60 Z 

Sos G 

So 

S840 “4 

SP 30 GG 

5320+ UY 

RL 10 WY 

Sg ZZ WNL 
= 12 ga OL Ga 
= ter sey gry 


Puc. 3. PasmMuHad peakuusA B3a- 
HMOeHCTBHA TKAHeH remaTOMbl H 
neyeHv C MponuyralaToM, B3A- 
TbIM B Pa3HBIX KOHICHTpalax. 
J — neuenp; 7] — renatoma. /— 
KOHTpolb, 2 — o6pa6otan00,75% 
nr, 3—0,3% TIT, 4—0,15% 
ir, 6 —0,015% NY 


HM€M AKTUBHOCTH OKHCJIMTeJIbHO-BOCCTAHOBHTEJIBHIX (PepMeHTOB. B3aMMOcBA3b | 
M@exKy 9STUMH SABJICHHAMM B HaCTOAMee BPeMA HAMM Usy4aeTcs. 

ABTOpbl BbIpaxKaloT WCKPeHHIOIO OaroflapHocTb y.eKopp. AH CCCP 
H. M. Smanyss10 3a BHUMaHve K paGote a Takxe E. E. Torocann (Muctutyt 
9KCHEPUMeCHTAJIbHOH HW KMHMYeCKOM OHKOMOrTHH AMH CCCP) 3a npemoctapsie- — 


HHe ITaMMa. 


Ooupme B mevenv. Huskve konuentpaunu IIT) 


YeCTBO CBOOOJHBIX PalNKaJIOB B NeyeHH He U3. 
MeHAeTCA. . 

Takum o6pa30M, MpoBeeHHble 9KcnepuMeH- 
Tbl lOKa3aJIM, UYTO BsaMMOfelcTBHe TKaHel 
IID MoxkeT MpHBOJUTb Kak K YBeJIMUCHHIO, Tak H 
K YMeHbINeHHIO CHTHaa 9. m1. p. IIpu onpese- 
JI@HHBIX KOHWeHTpanuax IIT sddexkT ymenbue- 
HUA CHTHaa 9. 1. p. BbipamkeH OoJlbule B rema- 
TOMe, eM B eueHH, a acpcbeKT yBemM4ueHHa — 


(0,015%) aa neveHH OKa3blBaloTcA He dipdeK- 
THBHBIMH. 

V3 sTtux JaHHbIx culeqyeT, TO ONnyxouleBar 
TKaHb (renaToMa) HW HOPMaJIbHad TKaHb (TeueHb) 
110-pa3HOMy OTHOCATCA K MHTHOMTOpy, YTO CO-}) 
ruiacyeTCa C NMOJIYYeHHBIMH paHee daxTamu (7,7). ° 

Pa3sHaAd peakUMA ONYyXOJIeBLIX H HOPMAJIb- | 
HbIX TKaHeH Ha BO3feHCTBHe XHMHMYeECKHX Coe- 
JMHEHHH = ABJIACTCA OCHOBHBIM TIPMHIHIIOM Mo,- 
6opa MpOTHBOONYXOJeBbIX MpenapaTos. 

BecbMa BepOATHO, YTO YMeHbIMeHHe CHrHaa | 
9. I. p. Mpa Bo3eicTBHA MponwramatoM | 
(0,3%) Ha TKaHb renaTOMbl CBA3aHO C TofaBuie- 


VMuctutyT xuMuYeCKOH H3HKH Tloctynuo 
AkajemMuH Hayk CCCP JO MIIL Sor 
MockopcKni rocyfapcTBeHHbili yHHBepCHTeT 
um. M. B. Jlomonocospa 
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Jlokua fbr AxaneMun HaykK cccP 
1961. Tom 139, N: 4 


BOT AHHKA 


r. A. HEHHCOBA 


OB OCOBEHHOCTSAX PASBUTHA 3APOJbILNEH B CEMEHAX 
HEKOTOPbIX 30HTMUHbIX 


(II pedcmasneno axademuxom B. H. Cykaueeoim 17 IV 1961) 


Kak u3BecTHO, CTpoeHve Toya M CeMeHH SOHTHYHDIX ymeeT OoJIbuIoe 3Ha- 
yenve JIA Wesel CHCTeMaTHKM M CpusOreHH aHHOrO cemelicTBa. OHaKO cylile- 
MReHHAd YaCTh CeMeHU — 3apo/bI — UaACTO BpIlalaeT WS NOTA 3peHHA MCcuJe- 
fopatesei.! IIpapia, B pale padoT, MOCBAIMLeHHbIX W3yYeHHIO CeMeliCTBa 3OHTHY- 
ABIX, 3ApO/ILINI 3peorO CeMeHH OMMCaH BIMOWJHE 
touno (!-%). Ho u B 9TOM Cily4ae ABTOPbl OObINHO 
He yilessI0T JOMKHOTO BHYMAHUA OTHOLMCHHIO 
JWIMHDI CeMAgoue sapofsbntia K AMHe OCH (Ko- 
pewiok — THMOKOTHJI). 

Mu He Hamm B wJIMTepaType cBeyeHHM 0 
‘TOM WIM WHOM xXapakTepe pocTa 3apofpiliier 
‘eMAH 30HTHUBBIX B Mpolecce HX MpopacTaHuA 
BHYTpH CeMeHH. 
 Ha6moxaa 3apospiin ceMAH Caropodium 
‘platycarpum (Boiss. et Hausskn.) Schischk., 
Echinophora trichophylla Smith (*°) u Archan- 
gelica decurrens Ldb., MbI MpviliM K BbIBO)Y, 
YTO pocT saposplueli CeMAH PasHBIX BUAOB MO" 
}KeT MIpOTeKaTb pPasJIMUHO. B Hactosmea padote 
HaMM MpocslexKeH pocT sapoypiiia Caropodium 
platycarpum (ra6.. 1) u Archangelica decurrens 
(ra6n. 2) HauMHaA OT COCTOAHUA npel3apompuna 
jlo TOTO MOMeHTAa, Kora 3apOjIbIl TOTOB K IPO" 
pactanmio. IIpuniunuaibHoe pas/nune MEXKLY 
3apompinliaMa STUX JByX BMOB 3aKmOdaeTCH B 
TOM, YTO y MepBoro CeMAOM B HMwKHeM CBoeH 
yacTH cpacTaioTcsd B TpyOKy, a y BTOporo — He 
cpacTaioTcs. Ja HOpMasmbHOTO PasBHTHA 3APO- 5. 1 Zapompuun erpaTuuuupo- 
apuuiei OOOUX BOB HeOOXOMMMa XOJIOMHAA CTPA” panwerx cemaH. A — Caropodium 

_ THpUKAaLMA, TIpHeM CeMs Caropodium platy-  platycarpum, B — Archangelica 
carpum JouKHO cTpaTupulupoBaTEca B TeYCHHS decurrens. 0 —OCb, 9 — 3a4aTOK 
45-50 aueli, a cema Archangelica decurrens— SMKOTHIA, mp — TpyOKa CeMANO 

2 jeu, 22a — MiacTHHKa CeMATOJIEM 
p teyenue 80—90 AHeH. : 

Kak y OoJIbiIMHCTBa JBYAOJbHbIX (3-5,”), pasBuTue sapojplila CeMAH o60ux 
BYOB HauMHaeTcA C OOpasopaHHA Ha Tipelsapofpiie, MOcTHTMIeM B jWAMHY 
0,10 mm, aByx OyropKosB, MpeycTaBJIAIOWUXx co6o1 3a4uaTKH cemagoue. C sToro 
momenta y 3apogpnua C. platycarpum poct cemaflouielt pesKo OOrOHAeT PoOcT OCH. 
Y A. decurrens ¥ ocb M CeEMALONU pacTyT PaBHOMCPHO. 3pensiit sapompn C. pla- 
tycarpum MeHbIle CeMeHH B 4,5 pasa. OH, Kak MpaBuslo, HeCKO/bKO 6osee 

(2M B JuMHy, TIpwyeM ceMALOIM MIMHHCS OCH IIpuMepHo B 3,0 pasa. 

Spesbiit Sapo/blL A. decurrens, paBHbiit 0,6—0,7 MM, MeHbIe CeMeHH 
p 10 pas, TIpH 3TOM AIMHa OCH paBHa /WIMHE cemagonen. Ec cemafouu 3apofpl- 
lla He JOCTHTIM MHI OCH, CeMsa, Noma B NouBy, K TIpopacTaHMlo He CIOCOOHO. 
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Taonwnma 1 


PaspuTve 3apo_piua Caropodium platycarpum (u3mepeHusa B MM) 


Ue 3a- Cemayoub-|IInacTHHKka 

Craquu pa3BHuTHA 3apombiila pOMbII Ocb Inag Tpy6Ka| cemanouteti 
40 quel dbopmMupoBaHHua nvsoja 0,307) 0520 0 0,10 
24 qua dopMupopaHHs Moga 1,20 | 0,40 0,10 0,70 
3apombil 3pesoro cemeHH SOO s70 0,30 2,10 
Tlocne 15 qHeli XOMOHON cTpaTupukalnn 4,90 | 0,70 1,30 2,90 
Tlocae 30 qHelt xoNO0THOK crpaTu@ukaluu LOO WOS ee 2,10 4,20 
Tlocne 40 qHel xoO0qHOU cTpaTudukayuu 8,50 | 0,90 2,60 5,00 
Tlocue 48 queli xon0qHON cTpaTupukannn O}e30) © GEL) 2,90 6,40 


Ta6autla 2 


Pasputue 3sapogpiua Archangelica decurrens (u3MepeHna B MM) 


Lleapit I] macTuHKa 
Craquu pa3BHTHA 3sapoy_pma 3apompii Ocb cemsqouteit 
18 quel dopmMupoBaHusa Toza 0,10 0,10 0 
25 qHeH dopMupoBaHHA TMoza 0,25 0,45 0,10 
Sapoyblll 3spemoro cemeHu 0,60 0,30 0,30 
Ilocane 20 qHeH xOMOTHOK CTpaTHm@uKkawuu 4,10 0,50 0,60 
Tlocae 40 qHeli xom0qHOK cTpaTupukalnn 1,50 0,60 0,90 
Tlocae 60 qHelt xon0,HOK cTpaTH@ukalun 4,90 0,80 AniL0 
Tlocne 85 qHeli xon0,HOU cTpaTupukayun 2,60 1,29 4,35 


B mpouecce crpaTuukaluu pocT sapofpuua cemenn C. platycarpum pe3Ko 
oTsIMuaeTCA OT pocta TakoBporo y A. decurrens (pyc. 1). B neppom cayyae pas- 
Mepbl OCH MOUTH HE MCHAIOTCH. Sapo yBeJIMYHBAaeTCA TaBHbIM OOpa3soM 3a 
cueT CEMALOeH: CEMALOJIbHBIe MIaCTHHKH YJVWIMHAIOTCA B 3 pasa, a CeEMAJOJIb- 
Hax TpyOKa — B 10 pas. B pesysbTaTe ocb OKa3biBaeTCA KOpoue ceMsAJOuIen 
B 9 pas. 

Sapompmi cemenu A. decurrens BefleT ce6a CoBCeM NO-MHOMy — KaK OCb, 
Tak M C€MALOJIM MOUTH PaBHOMePHO YBeJIMUMBAIOTCA B pasMepax. Takum oOpa- 
30M, B KOHIle NepHoa cTpaTuukallMyv, Tak 2Ke KaK M B Hayaile ee, OCb H CeMA- 
JOJIM PaBHbl WIM MOUTH paBHbl Mey co6oh. OOnluno AWHHAa CeMAJOueH IHUIb 
HEMHOFO IIpeBbillaeT JVIMHY oOcH. 

Ham kaxkeTca, 4TO NOJOOHbIe HCCeELOBaHNA, MpOBe/eHHbIe B WIMpOKOM Mac- 
uiTa6e, B KaKOH-TO Mepe NOMOrvIM Obl pas0OpaTbcA B HEKOTOPbIX BOTIpocax cH- 
CTEMATHKM CeMeHCTBA 30HTHUHEIX. 


BoranHueckuli HHCTHTYT Tlocrynuuio 


um. B. JI. Komaposa 16 IV 1961 
Akajlemun HayK CCCP 
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i, Jloxnagn AkagzemMunm Hayk cccP 
1964. Tom 139, N 4 


IKOJIO[H A PACTEHHH 


B. H. BACHJIEBHY 


CONPAKEHHOCTh MEKAY BAAAMH HW CTPYKTYPA 
@UTOLWEHO3A 


(IT pedcmaeaeno axademuxom B. H. Cykauesolm 9 III 1961) 


VisyueHue comp axKeHHOCTH MeKAY BHaMH B (PHTOWeHOse LAaBHO TIPMBJEKAet 
sHuMaHHMe TeOOOTAHHKOB KaK OHH M3 MeCTOAOP Tlo3HaHUA BgaHMOOTHOMeHHH 
MOKLy BUaMu M CTpyKTYyPpbl cpurorerHosos. Bpiviv MmpessloxKeHB! pasHble MeTO]bI 
onpenenenna Koshpunnenta conpsKeHHOCTH (HIM ACCOILMMPOBaHHOCTH) BHJLOB, 
HO BCe OHM CBOAATCA K KOJIMUECTBEHHOM OlleHKe 3aBHCHMOCTH BCTpedaemocTH 
wu COMMA OLHOTO BHA OT BCTpedaemocTH uM oOusIMA Apyroro Bua (228 hs 
lonoxKuTeIbHad CONpsKeHHOCTh OSHadaeT, YTO 3K3eMIWIApbl OOOHX BHOB 
AMeIOT TeHJeHUMIO BCTpeyaTECA walle Ha OAHU H Tex Ke MuowlayKax, a OTPH- 
HaTeibHad — YTO OHM uallle BCTPedaioTca TlOpO3Hb. 

B stoli paOote HCMOJb3OBaHbl MAHHbIC TO COMpAKeHHOCTH BHOB pacTeHult 
B JIMNAHHVKOBbIX HW Op yCHW4HO-3eJIeEHOMOLIHDIX cocHakax JleHuurpascKolt o6u1a- 
CTH, NOJIYSYeHHbIe ABTOPOM B 1959 r. COop MaTepHasla NMponsBOAMICA TIO cule 
qyiouleH MeTOLMKe. Tinouranku B | Mm? pacnoslaraiuch 10 ABYM B3aMMHO llepleH- 
JUKYIAPHEIM JIMHUAM C HHTepBaJiOM ot 0 no 9 maroB. STOT HHTepBad ON- 
pellenasica no TaOsMLe cyyalHbIx YHCed, YTO OSHAadaeT, yTO BeJIMYHHa KarK- 
jloro mpoMexkyTKa MexKy loulalkaMM He 3aBHcesa oT npempiyulx WM T10- 
csleqyIOWUX WHTEPBaJOB. PacnosloxKeHHble TAKHM OOpasoM MNOULAAKH MO2KHO 
CuuTaTb culyuaHon BBIOOpKOM H3 PUTOMEHOSA. Ha Kako nuolulalKke OTMeda- 
jlocb TIOKpbITHe Kaxkoro BHAA. [Ip MOKpBITHH MeHee 1% BHA, Nomyyas OT- 
metky +. Bcero B puToueHose gaklalbiBaoch 20 MuiomwlaloK, a AA JlasibHe- 
quel oOpa6oTKU OODeMHAJIMCh MOWalKH H3 PUTOWeHO3OB oHO accomMalun. 
Jina smuaiHHKOBbIX COCHAKOB TAaKUX TMOULAaLOK OplIO MoJyYeHo 350, a Az 
Opycuuunuka 300. 

KoaddunnenT comp sxxeHHOCTH BRIUMCAICA MO copmyule, TIpe LOK eHHOY 
-Koyaom (°), cMbicJ KOTOpOl CBOAHTCA K TOMY, FTO HaGOMaeMoe AHCJO MJIOWLA- 
Wok, Tle oTMeveHbI BMECTE 06a Bula, CpaBHUBaIOT C YMCJIOM MVIOULAXOK, Ha KO- 
TOPOM BCTpeyaHCb Obl 9TH BY/bI BMeCTe TIpH yCJIOBHH HX HesaBHCHMOTO pac- 
ipefesieHuA MW pasHully BbIPAKAlOT B LOMAX OT MaKCUMAJIbHO BO3MOXKHOH pas- 
BULB. TOT Kosdhdunuent C MOMKET IIPHHUMaTb 3HAayeHHA OT +1 yo —l: npu 
C = 0 conpsxKeHHOCTh MexKAy BHAAaMH orcyteTByeT, mpH 0 < Cuzichu CONDE 
XKCHHOCTb MOJIOMKUTEbHAA VM IPH — ten C = OU coupamesnecth OTpHaTeJIbHaA. 
AGcomoTHad BeslMuNHa KospuineHtTa oKa3biBaeT HACKOJbKO TeCHO CBASAHDI 
o6a Buia. 

JloctopepHocTb onpeseviecHna CONPSPKEHHOCTH BbIYHCJIAJACb MeTOLOM Y”. 
CBA3H CUNTAIUCb JOCTOBepHO yCTaHOBJIEHHBIMH Np P (y?2) << 5%. B jlasibHen- 
yiem OyLyT paccMaTpUBATbCA TOKO JOCTOBepHO HalijeHHble 3aBMCHMOCTH. 

Jina BEYMCIeHMA COMpAKEHHOCTH MbI OpasH TOAbKO Te BHIbI, KOTOPbIC oTMe- 
yayluch Ha Muomaikax He MeHee 30 pas, TaK Kak B MIpOTHBHOM cylyuae CHJIbHO 
pospactaeT OllMOKa Kospuuneuta (°). Takux BHAOB B cCOCHAKe JIMIMaHHAKOBOM 
oKagasiocb 13, a B COCHAKE 6pycuuunuKe 12. 

Hanuune compsxkeHHocTH MexKy BHAAMH B (puTonenose OObACHAeTCA TEM, 
yTO cpefla He ocTaeTCH COBEPIICHHO ONHOpOAHOH Ha BCeM TIpocTPpaHcTBe (puTO- 
eHo3a. UacTb BHoB pearupyeT Ha 9TO, BcTpeyanch walle H oOuJIbHee B OAHUX 
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MHKpopasHocTAX cpeabl. B sTom cilyyae CONpAKeHHOCTh MexKLY BULAMH OTM 
*KaeT CXOJCTBO UX SKOOrHH. Ho compsKeHHOCTh Me*KyY BULAaMH MOKeT OOD 
HATbCA M TeM, YTO MepBbIii BU cosfaeT Colee ONarompMATHbIe ycoBuA J 
pocta [pyroro Bula WIM, HaOOOpoT, MpenATcTByeT ero MpoMspacTanmio. 37@m 
KOSPPUILMEHT CONPAXHKEHHOCTH OyJeT NOKAa3bIBaTb HE CXOACTBO SKOJOPMM BUG 
a XapakTep B3aMMOOTHOMIeHHA MexKy HuMH. Uem BbIPAaBHeHHee cpeya cooOm 

CTBa, TEM MeHbINee 3HAYeCHHeE HMeeT JKOJIOFMA BUAOB Ip OOpasoBaHHH COMP: 


HAJIMCb B rpynibl. Takue rpynmpt Donkuuc (") Ha3BaJI <OCHOBHBIMM eMHMIaMuie. 
Mui xe, cienys Il. B. Tepentpesy (?), OyeM Ha3bIBaTh UX KOPPeJIALMOHHbIME 
nueslaMy . | 


10 MATH KOppesAlMoHHDIM miesgqam: 1) Cladonia rangiferina, Vacciniuy 
vitis-idaea, Calluna vulgaris, Lycopodium anceps, Dicranum undulatu 
Pleurozium Schreberi; 2) Cladonia silvatica, Carex ericetorum, Festuca ovine 
3) Polytrichum piliferum, 6oxanpuatpie Cladonia; 4) Polytrichum juniperinu 
5) Cetraria islandica. 

Oxka3bHiBaeTCH HeCKOJIbKO HeOmKULaHHbIM, 4uTO Cladonia rangiferina u Cli 
silvatica nonajaoT B pasHble MieALbl. OTPUMLAaTebHAaA COMPAKEHHOCTh MeK]Y 
HAMM OOBACHHeTCA TEM, YTO MepBad MpesmouuTaeT Ooslee 3aTeHeHHbIe yuaCcTKU 
a BTOpas — Goulee OTKpHITHIe. KoadpulNeHT COMps»KeHHOCTH C KpOHaMH coce 
y Cl. rangiferina +0,21, a y Cl. silvatica —0,42. Sto nogxTBep»xKaeT cyllecTBO! 
BaBllee H paHee MHeHHe O OosbuIeM KCepoduTusme Cl. silvatica no cpaBHeHUiC 
c Cl. rangiferina (*). Ha ochopanuu sToro nepBy!o Mlesfy MOxKHO paccmaTpy- 
BaTb Kak IpyIlly BUAOB, IIpHypO4eHHEIX K KpoHaM coceH. Bub BTOpoH MeALbI 
3aHMMAalOT B OCHOBHOM OKHa HM IIpocBeTbl MexKy KpoOHaMyH. | 

Bub nepBol mieAbl — elicTBUTeJIbHbIe CIYTHUKM COCHbI, KOTOpbIe B Ka- 
KOH-TO CTeMeHH HyKaloTcaA B 3aTeCHeEHHM cocHOH. Bue mecoB 3TH BALI MOUTH 
He BcTpeyaroTca. IIpapya, Bepeck B ycuIoBuaAX Cepepo-3amaya pacTeT HU Ha Bepxo- 
BbIX OoloTaxX, HO HavOovlee OOUJIEH HM yCMellHee pa3sBHBaeTCA B COCHOBBIX Jlecax. 
Carex ericetorum u Festuca ovina, HanpoTus, HawOomee OOMIbHEI HM HMeIOT 
JIYSULYIO HKUSHEHHOCTH Ha OTKPBITHIX Me€CUAHbIX MECTOOOHTAHHAX, BOJIb JIECHbIX 
fopor u T. mn. IIpucyrcrsue ApeBecnHoro Mosora cKa3biBaeTCA Ha HUX HeOwaro- 
IIPHATHO, a MOSTOMY BUI BTOPOH Myedbl He MOFyYT CUHTATbCA HAaCTOAILMMH 
CNYTHHKaMM COCHHI. 

Bujbl TpeTbel M ueTBepTOH TeAybI — MMOHepEI, 3acesAtoMlHe GopoBble 
MeCTOOOUTaHMA Toce BbIPYOOK H MowKapOB MW 3aTeM MOCTeMeHHO ycTymaroulHe 
CBOe MeCTO KYCTHCTHIM JIMmawHHKaM. Cetraria islandica He cBaA3aHa MOO%KH- 
T@JIbHO C KAKHMH-JIMOO APyrHMH BUaMH, MasIO y Hee HM OTPUILaTeJbHBIX CBA3eM. 
Bee STH TpH MeabI He MMeIOT APyr Cc ApyroM OTPuLaTeAbHOM CoOrpsKeHHOCTH, 
T. €. pacipefeseHue KaxKOH W3 HHX He CBA3aHO C MpHCcyTCTBHeM Jpyrux. 
OHM 3aHUMaloT Te yuacTKM CHTOIeHO30B, Pe He PaSBUTHI JMINAHHHKOBBIN UM 
KYCTApHHYKOBLIN SApycsl. 

BuyTpv BCeX NATH Mes, HET 3HAUMMBIX OTPHIAaTeJIbHBIX CBA3eH, YTO FOBO- 
PUT O OOUbUIOH WemocTHOCTH Nex. 

Hada KapTuHa compsKeHHOcTell BYOB MMeeTCA B COCHHKe OpycHMuHuKe. 
Shecb BEIeeHO Tpu miespet: 1) Vaccinium vitis-idaea; 2) Calluna vulga- 
ris, Cladonia rangiferina, Cladonia silvatica; 3) Festuca ovina, Melampyrum 
pratense, Hylocomium proliferum, Luzula pilosa, Vaccinium myrtillus, 
Pleurozium Schreberi, Dicranum undulatum. ; 

Vutepecno, uto OpycHuKa MMeeT JIM OTPHNATeNbHBIe CBASH C ApyruMy 
BUJaMU, B KAKOH-TO CTeMeHH MPpOTHBOCTOUT HM, HO 4eM OOBAHCAeCTCA STOT aHTO- 
TOHH3M TPYIHO CKa3aTb. BosmMoxKHO, YTO B CBA3H C Pa3MHOXKeHHEM ee KOp- 
HEBUINAaMH, Y Hee HMeeTCH TeHJeHIMA K OOpasOBaHHIO UMCTEIX KJIOHAJIbHBIX 
3apocJleH WM BbITeECHEHHIO OTTYa APyrux BUOB. 
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! 
Cnenyrouue mBe nex- 
cBA3aHbI MexKAy CO- 
& 3a CueT MOJOKUTCb- 
fi compsxkeHHOCTH Cla- 
nia silvatica c Melam- 
rum pratense. B To xe 
ema BHYTPH TpeTHCH, 
Mol Gobo mea Tb 
fe1oTcaA OTPHILATeJIbHBIC 
agu. TakimM o6pa3oM, 
jealbl 3iecb MeHee Ile- 
JCTHBI H MeHee o60c06- 
“MBI TO CpaBHeHHIO C 
\CHAKOM —TML aM HKO- 
ym. Cpx3H Kakol-s1160 
esp c OOJIbIIMM 3aTe- 
envem He OOHApy2KCHO, 
a 9TO H NOHATHO, npu- 
Mas BO BHUMAHHe OoJIb- 
iyio Ww paBHOMepHyt0 
OMKHYTOCTb KPOH B COC- 
ake OpyCHHGHHKe. 
CpapHuBad Koppedis- 
[MOHHbIe TwleAfbl B COC- 
iake JIMMIaMHHKOBOM H 
tocuake OpyCHH4HOM, MBI 
3MUM, UTOB TIepBOM acco- 
quali UMeeTCs HECKOJIb- 
KO OOOCOGJIEHHEIX TIvex. 
Pacnpemeenue IByX Mep- 
BRIX M3 HUX 3aBHCUT OT 
COMKHYTOCTH Moora CO- 
ceH, OcTabHble TPH 3a- 
uMaIoT MecTa, CBOOOJHBIC 
ioT siMialHAKOBOTO TIOK- 
popa. SHAadHTeJbHBIC OT- 
pullaTeibHble CBASH MexK- 
fy mesyamMu o6ycJOBIH- 
BaloT IATHUCTOCTS JIMUal- 
HUKOBOrO H KyCTapHu4- 
KoBoro ApycoB, Tpwuem 
yale MATHO OOpasytoT 
BUbI OHO TJleA/bl. B 
OpycHuunuke pesKoro Ae- 
‘leHHA BYOB Ha TW1eAbl 
‘Het, uckmuouad OpycHH- 
KY. SOTTAIKMBaHHe» MCA- 
ny lseafamu He BbIpa 
SKEHO CTOJIb pe3KO, a TO0- 
TOMY KyCTapHUYKOBbIA u 
MOXOBOH sApycbl He pac- 
TlafaroTca Ha ACHO O4eP- 
yeHHbIe IMATHA. 
| CpapHeHve OTJe/IbHDIX 
KOIppUILHeHTOB; CONP A- 
| )KeHHOCTH He JaeT MHOTO- 
ro, Tak Kak y Tex Hap 
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BUOB, KOTOPbIe BCTPeyeHbI B OGEHX ACCOIMallMAX, PeAKO yaBalloch OOHATE 
XKUTb JOCTOBepHYIO COMpAXKEHHOCTh B TOM HM Apyrom csy4ae. 

Conpsxennoctp Cl. silvaticau Cl. rangiferina B OpycHu4Hke NowJloxuTes 
Ha. Ona ocTaeTCa MOJIO*KUTEbHOK H B O€JIOMOWIHMKe, CCJIM pacCCMaTPUBATb TOU 
KO BCTpeuaeMOCTb UX BHe 3aBucHMoCcTH OT OOHIMA. Ho c OoubIIMM OOnIMeM 
BHJbI MMCIOT TEHICHUMIO BCTpeuaTbCA Ha Pa3sHbIX MOWlakKax, YTO HM OTparkaeni 
B OTPHWLaTebHOM CONpPAKEHHOCTH HX OONMMH B MMUIaMHAKOBOM COCHAKe. 2 
MOXKHO OOSACHUTh HaJIMYHeEM KOHKYPCHTHBIX B3AMMOOTHOWeHHH MexKLy HYM 
Ilpu Masiom OOM KOHKYpeHUMA He pe3skasx M B CHJIy CXOACTBA SKOJIOrMH OF 
BCTPeUaIOTCA Ha OMHUX M TeX Ke WowWalKax, NpH SoMbuIoM xe OOuTuM B GoM 
3aTCHCHHBIX MecTax noGexaeT Cl. rangiferina, a Ha oTKppiTbIx Cl. silvatic) 
Ananornunpiit cayaalt npupogut Kepmay (8) aaa caasu Lolium u Dactyli} 
OObACHAA 9TO KOHKYpeHUMel MexKy BHLAaMH. TakoB xe XapaKTep H3MeHeHH 


colps2KeHHOCTH Mexkay Dicranum undulatum u Pl. Schreberi, a Takxxe me 
BepeCKOM HM OpycHHKoH. 


BotauuyeckHit HHcTHTyT HM. B. JI. Komapopa 


Tlocrynusio 
Axajemun HayK CCCP 


SPIO 


UWMTHPOBAHHAA JIMTEPATYPA 
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yuus., 9 (1959). ? A. Ypauosa, Yu. 3am. MockoscK. neg. HHCT., tbakybTeT ecTecTBO? 
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Jlonzagn Akayemuu Hayk CCCP 
1961. Tom 139, Ne 4 


@H3HOMOTHA PACTEHHH 


M. M. TYKOBA 


BJIM AHME MOBbILMEHHOM TEMNMEPATYPbI HA YCBOEHHE 
PACTEHHAMH A30TA WH POCPOPA 


(IT pedcmasneHo axademuKxom A. JI. Kypcanoseim 17 IV 1961) 


OrHomenue pacTeHuli K TeMnepaTypHbIM YCJIOBHAM KOpHeoOuTaemoro Mpo- 
2TpaHcTBa ycceLOBaJIOCb B OCHOBHOM B CBASH C mpo6s1emoni OCBOCHHA XOJIOLHbIX 
jous. Bio noKagaHo (*~*), YTO Ha MouBax C TOHWKeCHHBIMM -TeMMepaTypamMu 
senadsmeTCH MOPMouLaloulan eATebHOCTh KOPHEBBIX CHCTeM He TOJIbKO B OTHO- 
MeHHM BOMb!, HO M NMIM. Temmepatypbl cyOcTpata B 8—10° uw HMKe OKAa3bIBAIOT 
HeOarOMpHATHOE BUIMAHHE Ha MOCTYIVICHUE B pactenua azota u docdopa H UX 
MepelipyxKeHue B HajlseMHble OPraHbl Gey, 

Jlefictsve MOBbINeHHBIX TemiepaTyp Ha MUHepasbHoe MHTAaHHe pacTeHun 
wsyyasiocb Maso. Mmerontveca 10 STOMY BOMpOcy LaHHbIe BeCbMa MaJIOMHCJICHHDI 
iW T1poTHBOpeyHBE!. OLHAKO B OOMbIIHHCTBe CULYYaeR OTMEUAeTCA MOJORUTEMBHAA 
KOppeNALHA Mexy MorionlenHeM IMTATeEJIbHBIX BeLLECTB pacCTeHHAMH HM MOBI 
queHvem TeMiepaTypbl NOuBb! B Mpeselax J0-en et. od 

B Hallux OMbITAX CTABMUACb Web NpOcieAHTh BM AHHE TIOBLILMeHHOH TeM- 
fepatypbi cy6cTpata Ha yCBOCHHe pacrenuamu asoTa u cpocopa Np cTporux 
YcIOBUAX SKCHepHMeHTAa M MCKJIONCHH KOCBeHHOFO JlelcTBHA TeMiepaTypbl Ha 
TlOMBYXKHOCTb MMTATCJIbHBIX BeILeCTB B MOUBE. JLna 9Toli Wem pacTeHua BbIpauly- 
BAJINCh B IIeCKe, C BHECCHHEM BCeX MIMTATEJIbHBIX SJIEMCHTOB B Bue pacTBOpHMBbIX 
coeiMHeHHM H pH aBTOMaTHYeCKOM perysIMpoBaHvH 3aaHHOH TemMepaTyPbl 
‘B KamMepe HCKyCCTBeHHOTO KJIMMATA. BuaxknocTb cyOcTpaTa MofepxKUBalach 

“Ha ypoBHe 60% oT MouHOH BarOeMKOCTH, OCBEHICHHe —— ecTeCTBEHHOE. 

B onpire HMeslocb Ba TeMIlepaTyPHHIX BapHaHnTa: KOHTPOJIbHBIe pacTeHun 
¢ Temilepatypol KOopHeoOuTaeMoro CJIOA B 90° uf OMbITHBIeE pacTeHuA — C TEMIIC- 
patypot B 32° 

CmeqyeT OTMETHTb, YTO B MPHPOMHbIX YCJIOBMAX JleTHee MOBBILICHHe TEM: 
lepaTypbl NOYBbI 10 30—35° I1povcxOQUT JOBObHO YacTO MH OTMCHEHO JI MHO- 
THX MeCT MpouspacTaHHA pacrenui (*~*). 

Tlepprie 15 aHel Nocule BCXOJOB pce pacTeHHA B HaLMX ONbITAX HaXxOJMJIMCb 
_ Ip ofMHaKOBOH TemmepaType cy6cTpaTa M Bo3sfyxa, H TO/MbKO nocseLyouine 
20 mHelt BereTalluH Temllepatypa cyOcTpata perysupoBaslach corjlacHo CxeMe 
onpita. TemilepaTypa Boslyxa Jit Hat3eMHbIX opraHos BCe BpeMA COXPaHAACh 
okoso 20°. 

Pactenua O6OUX BapWaHTOB pasBMBaHCb HOPMaJbHO vw K KOHLLY onbita 
BCTYIMIM B asy OYTOHHSALIMH. IIpu yOopKe OnbiTa onpesesAICA BEC pacTeHuit 
M cofep»xKaHHe B HUX o6uyero agoTa u cpocopa. 

Kak nokasplpaeT Ta6u. 1, ropox, JOMMH i (pacOuIb OLMHAKOBO XOPOLIO Poc.iH 
HW YCBaMBaJIM a30T Kak IPH 90°, Tak HW pH 32° B 30He KopHeli. Bec sesleHOH Maccbl 
pacTeHHit H OOWMM BbIHOC as0Ta 6pIJIM laxKe HECKOJIbKO OovIbule IPH Temileparty- 

pe cy6ctpata 32, uem mpu 20°. OfHako cofep2xKaHHe poctopa B ONbITHBIX pacTe- 
HUAX Bcera Oblio Solee HHSKHM IPH MOBbIMIeHHOM TemMMepaType, IpHaemM CHH™ 
SKEHHE 9TO COCTABIANO JOBOJIbHO 3HAYHTCJIbHYTO peuuHHy, LocTurad 20—25 % 
oT KoMUecTBAa pocopa B pacTeHHAX KOHTPOJIbHOTO papHaHtTa. 
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Eme GOovibuime pa3sJIMuHA HaOOLaIMcb pv NorsouyeHuu docdopa B 6o 
NostHMe MepHosbl pasBuTHA pacTeHHH. Kora B aHaJIOrMuHbIx OMbITaxX 4ac 
cboctbopa MmuTaTeJbHOH CMeCH MeTHJIaCb paMOaKTHBHbIM H30TOMOM U JlaBadlal 
B BUJe NOAKOpMKH Ha 25 JleHb BereTallMM pacTeHuu, ero MOcTyNMeHHe Mp Ty 
BbILICHHOM TemMMepaType CHWKalOCb B HECKOJbKO pas. OnpefzemeHve palHiyy 
aAKTHBHOCTH HaJ3eMHbIX OpraHOB H KopHel uepes 10 AHeH Moce MOAKOpMEy: 


MoKazaslo CyleLyrouive pesyJbTaTbI (B HMIybCax B | MuH. Ha OO Mr cyxoro Becal 


JIuctba Kopuu 


Jltonun npu 20° 5700 3840 
np 32° 41200 964 
Topox npu 20° 6460 2880 
mpu 32° 1150 41680 


B 9THX ONbITaX KOPHM pacTeHH HaXOJMJUCb B YCJIOBHAX MOBbIMeHHOM Te 
TepaTypbl TakxKe JOBOJIbHO OoNbINOH Nepvoy BpemeHv. B cBa3H C 3THM B UH) 
TKAHAX MOTFJIM IIPOWCXOJHTb ONpeeJeHHble H3MeCHCHHA HM HapywwieHHA Apyru) 
cbu3svoJorHMyuecKuXx PyHKUMH. UTOObI UCKJIOUNTh BO3MOXKHOCTH NOABJCHHA TAK? 
BTOPHUHBIX H3MCHEHHH, ObIWIH MpOBeeHb! HaOJIOMeHHA 3a NOcTyMJIeHHeM oc} 
(bopa B pacTeHHA IIpH KpaTKOBPeMeCHHBIX BO3CHCTBHAX H3y4aeMbIX TeMMepaTyp. 


Ta6Omunua 1 Ta6Oauna 2 
Bausanue Temiepatyphl cyOctpata Ha ycBo- Cojep2kanve MeyeHoro dochopa B_ Op-| 
eHHe a30Ta Hu dociopa pacTeHuamu TaHaxX JNOMHHa Np pa3M4HOH TemmMe-) 


paType B pa3Hble cpoKH HaOloJeHua) 


(B HMiysbcax B 1 MHH. Ha OO Mr cy-| 
T-pa, | Bec seme-| Agor, | Poc- xoro BelllecTBa) 
Pactenue °C HOM Mac- Ma al aD ODs 
cbl, © Mr 
pa Sa baa Jluctba}] Kopuu 
Topox 20 doe? | | oO ON TsORS 
32 06,4 |342,7) 64,4 
@Macoub 20 28a 200. ON Dae? 20 Uepes 7 uac.| 2750 6040 
32 aoe 2020 Aaecelelt 34 To xe 4664 3840 
JironuH 20 Mey PAA ae 7 20 Uepes 14 uac.| 3584 4480 
32 Lie Zee 128 Ol e220 e6 34 To xe 2368 1280 


Tlonyyenuble pesyJbTaTbl MOKa3asIM, UTO MU B KPpaTKOBPeMeHHBIX OMBITAX, CO 
CpoKkaMW B HeCKOJIbKO 4aCOB, PasHUlla B MOoWleHuu docdopa coxpaHsetca, 
HO 3aBMCHMOCTb HE OCTaeTCH NOCTOAHHOM B TeyeHve BCero BpemeHH. Buauasze, 
Mp MaJIbIX Cpokax NorviowleHuaA (3—4 yaca), NOBbIMeHHe TemmepaTypbl cpesbl 
yCuJIMBaeT HocTynweHve ochopa B HasseMHble OpraHbl pacteHun, XOTA OOulee 
NOriOMleHve €rO KOPHAMH MeHbINe, YEM Y KOHTPOJIDHDIX PacTeHHii Ip Temmepa- 
Type B 20°. Tak, B OJHOM H3 ONDITOB Ip 4-"acoBol SKCNOSUILMN CosepxaHHe 
meueHoro cociopa B pacTeHusax OblvIO cleAyIOMuM (B uMMysbcaxB 1 MHH. Ha 
50 Mr cyxoro Beca): 

JluctTb a Kopuu 


Tipu 20° 576 24320 
TIpw 32° 912 16345 


B jabHehuem, np coxpaHenun BBICOKOti TemllepaTypbl B 30HE KOpHeH, 
CTHMYJIMpyiomlee JeHCTBHE MOBbITIIeHHOH TemlepaTypbl Ha llepeqBuxKeHHe (ocdo- 
Pa B HaSeMHBIe OpraHbl MCuesasO M HAGJIOMaNOCh LaxKe CHHKEHe MepBOHAGaJIb- 
HOH aKTHBHOCTH JIHCTBEB. 

Oco6eHHO HarisAHble AHHbIe B STOM OTHOMCHHM Obi MOJIYYeHbI B OMbITax 
© PeyTHIM3alLMeH NOrsouleHHoro chocbopa Ha MMTATeAbHBIX CpeaXx, JMIMeHHBIX 
A@HHOrO STeMeHTa. OXHOJeTHUH CHHMi JONAH NOKapMMBaJIcA B base 1BeTe- 
HUA MeYeHBIMM (ocaTaMu WU 3aTeM Mocwe THLaTebHOM OTMBIBKY KOpHei lepeHo- 
eee ee pactBop 6es cbocdbopa c pasJI M4 HOH TemnepatTypoH. PaywoakTHBHOCTb 

p B pacTeHuM M3Mepsacb uepes 7 u 14 uac. PesynbTatTpl anamu30B (Tabu. 2) 
HOKAasaH, YTO 3a NepBbIH Cpok HaOmMOeHHA Ip Temilepatype 20° nouTu He 
MPOHCXOAMT HUKAKUX W3MeHEHHA B pacripeszeeHun MorsonleHHoro panee doc- 
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= 


pa MexKy KOpHAMM M AMCTbAMM pecTeHua, Tora Kak MpH 34° yxKe MMeeT 


seTO 3aMeTHBIi OTTOK eTO W3 KOpHel. 

Onnaxo, uepes 14 uac., BO BTOpOH cpoK HadmMoseHuA, Kora y KOHTPOJIDHBIX 
ACTeHHH HauaslOCcb HUCMOJIbSOBAaHHe bocopa KopHeH Ha/seMHbIMH opraHamu 
acTeHUA, Ip MOBbINIEHHOH TemmepaTyPe, HaoGopoT, HaGHOAANach yOblJIb (poc- 
opa B JIMCTbAX ,XOTA KOMHYCCTBO octbopa B KOPHAX MpofosKaslo YMeHbIN ATCA. 
} STOM CuLydae MpOHCxoAHia Kak 6b OOuLad NoTepA cbocdopa IeJIbIM pacTeCHHeM. 
[aa NpoBepKH STOTO NOMORKeHHA OpluI MpOBeWeH AAS MUTATEbHBIX PacTBOPOB 
locule CHATHA pacTeHui. JLannpie onpefeteHHit 1okasaJiM, YTO K KOHLLY BTOpOro 
poka HaOm0JeHUsA, T. €. Hepes 14 yac. npeObipanud pacTeHul Ha pacTBOpax 6e3 
poctbopa, B COCyAe KOHTPOJIbHBIX pacTeHul WMeJacb AKTHBHOCTH B 7600 umn/MMH, 
; cocylax C NOBBINeHHOH Temnepatypol 24 800 umn/Muu. Takum o6pa3om, 
leHCTBHTeJIbHO, pH BbICOKOM TemlepaType B 3O0HEe KOpHeli CBOMCTBEHHBIM pa- 
TeHUAM TIpoiecc 9K30CcMOCa Goctopa CHJbHO BOSpacTaeT, BbISbIBAA SHAYHTEJIb- 
uyi0 yOblIb doctbopa BO BCeM pacreHun. 

Tlo-suiumMomy, 9TO yBeJMueHHe jecopomuun docopa B HapyxkHylo cpely # 
@BiseTCA IpHYMHO MeHbero ero CosepzkanhA B PacTeHHAX, BbIpallleHHbIX 
[pH MOBbIeHHEIX TemmepaTypax cy6cTpaTa, Tak Kak CaM Npollece TlepBoHa- 
wanbHOro norsomjenusn docopa u ero HepeMeHicHHe B pacTeHuu Ip 9TOM He 


MCIIbITLKIBaeT 3aMeTHOTO yrHeTeHHs. 


MockoscKkad CeJIbCKOXO3ANCTBEHHAA aKaeMiA Tloctynuio 
um. K. A. THumupasepa / 14 IV 1961 
i I[MTHPOBAHHAA JIMTEPATYPA 


18.11. TaguKkusu, Oco6OeHHOCTH MoBeeHHA pacTeHHH Ha XOJIOJHBIX noupax, M3. 
mr Cccp, 1952. 2? B. H. Koakesus, Tp. Uucr. @usvod. pact. AH CCCP, 9 (1955). 
$3. Kypounkui, A. Be Lil Ts pEamyac Olea r, LAH, 95, Ne 5 (1954). * 7X. 4M, WL er 
napuuk, Ws pesytbT. Ber. on. H nad. pa6., 16 (1935). 57. T. TemugeukKo, 
Pp. A. Bapuuosa, JAH, 26, No.4 (1940). © B. Bo BbyTkKeBA4, JLAH, 17, Ne 1—2 
937),0 eA. AneKkcanapo p, CopeTcKaXt arpoHOMHA, No 6 (1934). § Dusuue- 
eke yCJIOBHA MOUBbI H pacTeHHe, Wl, 1955. »® 9. Pacce4a, IloupeHupie yCIOBHA H PocT pa- 
crenui, WI, 1955. 71° A Il. KoposuH, Tp. ComuKamcKoli OMbITH. CT, 2 (1958). 
nF W. Went, Am.J. Bot, 31, Ne 9 (1944).  Z. J. 7Thurbizky, D. V. Shtra- 
usberg, Proc. First (UNESCO), Intern. Conf. Radioisotopes Sci. Research, 4, 270 (1958). 
EF Proebsting, Proc. Am Soc. Hort: Sci , 69 (1957). 
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Hoxmaye Akagemun wayr ccCcP 
1961. Tom 139, Ne'4 


B. M. 3NUITEAH 


O BHEUWIHEH MOP®OJIOrMM, OBPA3E MKUSHU 
M CHCTEMATHYECKOM MOJIO)KEHHH IHAEMM4HOK 
BAHKAJIbCKOM MMSABKU CODONOBDELLA TRUNCATA GRUBE 


(ITpedcmaeaeno axademukom E. H. Taenoecxum I7AN1 1964) 


C. truncata Obima onucana B 1872 r. A. E. I"py6e (7), KoTopplit yKasau He- 
CKOJIBKO IIPH3HaKoB (opMa Tea UH MpucocoK, OKPacKa, COCOYKH), NOsBOMAl0: 
NIMX OTIHYHTh STOT BU OT Apyrux pbiObux musBoK. Tocne HCCJIELOB aH Hii 

. E. Ppy6e C. truncata ynomuuanacp p wuTepaType HeoxHoKpatHo (1,3~6),} 
CAHAKO HOBBIX CBeeHHi 06 sTol mMABKe (Kpome yka3aHuH O ee cnocoOHocTH 
apaSUTHPOBaTb Ha OOKOMMABaX H pbIOax) He Obi. TombKO B 1957 r. B. A. Jlo-} 
reJb (?) Ha OCHOBaHHH UcceoBanus 3 SKSEMILIAPOB 3TOH MMABKM, CHATHIX C Pyty-| 
OoKOBOLHOrO 6pluKa Cottinella boulengeri (Berg), NOATBeEpAM Nanwble A. E. Mpy- I 
6e HM, kpome Toro, otmerun HaIWuve y 9TOH nuABKH 11 lap OOKOBBIX | 
Nysbipeli. TAMU KpaTKUMH COObILeHMAMH HCHEPIbIBAIOTCA JIMTepaTyPHbIe LAHHBIe | 
C. truncata. | 

Marepuatom jist Hactosmeit paoorsl nociyxKMIM KoANeKUNH BaiikanpcxKoii | 
JMMHONOrMYecKoH cTanuMu AH CCCP, p KOTOPBIX ObIIM OOHAapyxeHLI 234 9K3emM - 
mapa (41 cOop) sto nuapxKu. 

C. truncata (puc. 1) — ye6onpmasa TMABKAa, JOcTuraioulad 27 MM JVJIMHBI py | 
HavOobueli LWIMpuHe Tena 2,5 MM. Wopma Tea ovens cBoeoOpa3Ha, Tak Kak 
HanOOJIbilad WMpWHa npuxosuTes Ha TPpeTbIO YETBEPTb AIMHEI Tea. Tepequuii | 
OTHE Topaslo yxe 3aqHero. Saquuli oTnen PaClIMpeH, Y MHOPMX SK3eMIVIApOB 
SaMeTHO yrislomleH. Ilo Gokam ero pacnonoxeust 11 ap XOPOUWIO 3aMeTHBIX 6o- 
KOBbIX HYSbIpeH, HMeIONIMX (OpMY Kyrosa c cocouKom Ha Bepuimue. Tlepequaa 
nPHCOCKa HMeeT BU Tly6oKo ToucTocresuol uanm. Ha Heli pacnouJoxKeHbl 
2 Mapp ras. Y muorux SKSEMIVIAPOB Tylaza OTCyTCTBy!IOT. Bo3smMoxHO, OHM 
BbIIBeIH 3a BPEMA HaXOKJCHHA MMABOK B cHMpTe. 3alHad MpucocKka Mawenb- 
Kaa, HersyOokan. Ee juametp o6nHo Menbine HaHOOJIbIIeH WHPUHEI Tena. 

PaclaBCHHOM COCTOAHHM OHA OIIOMLeEBUANA, OLHAKO y OoubIIHHCTBa 9K3eM- 
WIAPOB Kpad €€ BBePHYTEI BHYTPb, H B TAaKOM cOcTOAHUH 3aHAA IpucocKka 
C. truncata umeer Becbma cBoeoOpasHyt0 (popMy, HanoMMHas 3anHI010 lIpHcocky 
Acanthobdella peledina u Oxytonostoma typica. Ha 3anneii IIpHcocKe HMeeTca 
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NBIC NOMepeyHble TEMHBIE TOJIOCLI, OOpasoBaHHble KPYMHbIMH MMTMCHTHBIMH KJeT- 
Kamu. C. truncata ormmuaerca or pcex Mpounx Mpecnopogubix Ichthyobdellidae 


CTBCHHBIX cBA3eH C. truncata NpeAcTaBJAeT UCcIeqOBaHHe KOJIbUaTOcTH. Ilo 
Aannbim A. E. Tpy6e, kaxypoe natoe KOJIBUO CpelHeH YacTH Tea yTONMLeHO 4 
HMeeT C KAKO cTOponbI «kleine rundliche Erhabenheit». B. A. Toren taxxe 
HaXOMMUI YTOMMLEHHBIC KOJIbILAa, OTIEeHHBIE Apy? oT Apyra 5—6 o6pranpimu Konb- 
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wu. Vig sTHX JaHHbIX MOPKHO CileaTb BbIBOA, NTO TIMABKH, HCCJIeJOBaHHbIe 
_E. Ipy6e u B. A. Hlorenem, umes 5-, 6- uw 7-KOJICUHBIM COMHT. 
[lpocmorp Oobuioro aca (pPUKCHPOBaHHLIX B CIIMPTe 9K3EMILIAPOB moKa- 
jl, UTO UMCO KOE, BXOAAUIMX B COCTAB Tunuunoro comuta C. truncata, 
pasHbIX SKSEMIVIAPOB BapbupyeT OT 3 (c 3auaTKaMM JaJIbHeHIIMX Moppasye- 
‘auii) 20 14, mpwuem Ha CIMHHOM CTOpOHe GoposAbl BbIPaxKeHb JIyulle, YEM Ha 
IOIHON. Hanoonee uacto BcTpeuaroTcs 4-, 6-, 7- M 14-KOJIeUHBIM BapwaHTbl 
jac. 2 A — I) *. CpapHenne OTHOCUTeAbHOM WIMPHHbI Koel, PTyOMHBI! 60po34, 
| pacnomoxeHHa = COCOUKOB 
pHBOAMT K BbIBOy, UTO pac 
neHenve comuta C. truncata 
poucxogUT ceLyIOUUM o6pa- 
OM: BHauale JeHTCA KOJIbILO 
gHuoOpasyercaA YeThIPeXKONed- 
pit comut (puc. 2 A) **. 3a- 
eM J@IATCA KOJIbIla ai H bs 
puc. 25), B pe3yabTaTe yero 
\OpasyeTcA 6-KOJICUHbIM COMHT. 
3 cmyuaanx, Kora Oopo3sya Ha 
Ig BLIPAKeHA OCTATOYHO UeTKO 
puc. 2 B), COMMT cTaHOBATCH 
7-KoeuHBIM. 14-KOeuHDbIH CO- 
wut (puc. 2) o6pasyetcaA B 
pesyipTare JeleHuA HayBoe 
Komen 01, b2, bs, ba, Co be, a 
TAKKE OMHOFO 3 OOPasylowlAX- 
ea u3 be TpeTHUHbIX KOE, — 
cu usu ciw***. 
_ Vsyyenwe KovIbuaTocTH CO- 
muta C. truncata MpHBOJMT K 


1. Jienenue nepBHUHBIX 
Kone Ha BTopwunbie y C. 
truncata mpOHCXOLHT HeOLHO- 
BpeMeHHO: cHayasla eHTCA TpeTbe TepBUYHOE KOMbIO COMHTA, KOTOpoe 
B KOHedHOM UTOre OKa3bIBaeTCA HAHOOUee PacuJICHeHHBIM, 3aTEM JeMMTCA TepBoe 


Puc. 1. O6munK Bud Codonobdella truncata Grube 


“KOJIbILO; TOCJIETHHM WeIUTCH BTOpO€e KOJIbILO COMUTA. Tu JIAaHHBIC MOATBEp*KLaroT 


muenve Mypa (8), KoTopblii mpuiler K BEIBOAY, YTO OOLINHO MpoMuecc WeseHHA KO- 
nel, HAYMHAeTCH C TpeTbero TMepBHYHOTO KOJIbILa, KOTOpoe B KOHEYHOM UTore 
‘OKa3biBaeTcna HanOoulee pacuJieHeHHBIM. Orciosa Mpollece fleweHHA TepeHOCHTCA 
Ha llepBoe, a 3aTeM Ha BTOPOe (ceHCOpHOe) KOJIbIO, ABJIAIONLeeCA HanGosee 
cepBaTHBHOM YacTbio COMHTA. 

9. Komplla, Ha KOTOpbIX PactosOxeHbl COCONKH, JleIATCA Ha [Ba HepaBHblx 
KoNlbila — JWIMHHOe, Ha KOTOpOM OCTaIOTCA cocoukH, H KopoTKoe. Koviblla, He 
MMeIONIMe COCOUKOB, JesATCA Ha (Be PpaBHBIe yacTH. 

3 B KaxKOM MepBUYHOM KOJIbILe COMHTA SOKA jlesIeHuA MoouepesHO Mepe- 


" wocuTcd ¢ 3aylHeli WaCTH KOJIbIla Ha MepeAHIOIO o6patHo. UacTb Koubila, JexKa- 


iad 3a COCOuUKaMM, MCHbITbIBAeT GosIEee UMCIO JeJeHHH, YEM GACTb, HaxoMsA- 
miasica Mmepey HUMH. 

4. Bo3MoxKHO, 4TO AIA C. truncata HauOosee THIMUEH 6- wu 7-KOJIeUHbI 
comut. OnHako AIA pellleHusA STOTO BOTIpoca HEOOXOAMMO HCCeAOBAaHHe IKUBPIX, 
a TakiKe (PHKCHPOBAaHHbIX CHeWMaIbHBIMM MeTOMAaMH SK3CMILIAPOB. 


* TJeppuuHble Kouba COMHTOB o6o3HaueHE! GyKBaMH Qj, d2, 23, BTOPHYHbIe — b, TpeTuy- 
ype — Cc, WeTBePTHUHbIe — d. Cna6o BEIPaxkeHHble OOPOssbl o603HaueHBI TyHKTHPOM. 
** Eypa 3amMeTHble Oopo3qKH UMeIOTCH TaK#Ke Ha KOJbUAX Ay H Ag. OjHakO OHH Pa3BHTHI Cia- 
6ee, sem Goposfa, emnulan KOJIbIO a3. 
#** Ha puc. | pasfeueHo KOubIIO C12, OHaKO 3TOT BOTIpPOC TpeOyeT JONOJHHTebHOTO HCCcwe- 
yOBaHHA. 
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PesyibTaTbl OOpasoTKH KOJWIEKUMM OalKaJIbCKUX MHABOK MOKA3bIBaIOT, 44 
C. truncata mupoko pacnpocTpanena H MHOrouNcuieHHa B balikane. Oua Halize 
y toc. JiucrsennuuHoe, noc. Bosbume Koti, cepepHee JeabTb p. CesleHry 
B UvppipKylickoM 3asupe, B paiione YurkKanbux ocTposos. C. truncata »xuBdy 
B o3epe, HauMHad c ray6unst 10—40 uv BroTh 2O rayOnHEl 1000—1100 M4 
B oranune of [pyro sHyemMuHO OalikanbcKoH UxTHOTeIIMAEI — T. torquat 
(Grube) (°), C. truncata B BepxHuX TOpH380HTAax MTOpaM (OT ypesa BOI u AI) 
ryOunbt 8—10 m) ne Bcrpeyaetca. Tloqo6Ho MHOrHM ApyrMM XXMBOTHBIM, BCTPE 
yaloulwMCA =sB-s 30H 
6OubIIMX TIyOu“H, 3T) 
THABKa He BBbIXOMH) 
v3 Balikasa B Aurapy| 

Jlanupbie, Mowyyen) 
HbIe =MpH oOOpadoTKE 
c6opop C. truncata’ 
CBHJIETEJIbCTBYIOT | 
TOM, 4TO 9TAa THABKA) 
ABJIACTCA, TO-BHMMO-+ 
My, OOBIMHbIM Mapas 
TOM KPYNHBIX 6oKoMa-, 
BOB. Tak, B 6aHKax Cc) 
OokonwaBaMH, coOpaH-| 
HEMH = BalikayipcKoit | 
JIMMHO JO PuuecKOH, 
cTaHuvel c rry6nHbl OT} 
300 no 1100 m, Gpino 
HalfleHo OoJIbio0e 4KC- 
uo C. truncata, Bepo- 
ATHO, OTBAJIMBUIMXCA 

Puc. 2. Crpoenua comuta Codonobdella truncata Grube. BO BDpeMsa (pUKCaLHH | 

O6pacHenne B TeKCTe OT CBOHX xo3seB. B 

39THKeTKaX K JBYM COO- 

pam u3 Masoro Mops MMeeTCA NpAMOCe yKa3aHHe, YTO NHABKH ObWIM CHATbI C 

CoKonaBop u3 posa Acanthogammarus. Hexotopoe npefcTaBsieHve 00 MHTeH- 

CHBHOCTH 3apayKeHHA JaeT OLHH M3 STHX COOPOB, B KOTOPOM Obl OOHApyKeunbl 

72 NMABKH, HalieHHble pH ocmoTpe 350 ak3emnspos Acanthogammarus victo- 

ri. H. A. Jimpanorp (4) u B. A. Jlorenb (7) yKasprparoT, uTo C. truncata napa- 
3UTHpyeT M Ha Obl4KaX, OJHAKO 9TH JaHHbIe HyKMawTcA B NOATBeEPKTeHHH. 

Ilo muennio H. A. JIupanosa, C. truncata nau6omee 6nu3Ka K MpescTaBu- 
TeJIaM pojja Piscicola, wupoko pacnpoctpaHenHoro B Esppone, Asun u Cepep- 
How Amepuke. OcHOBbIBascb Ha 3TOM MHeHHH, B. A. Jlorenb mucan, ato C. trun- 
cata mpovsomia OT O6bINHOH NaneapkTMyecKkoH MuABKH P. geometra, KoTopaa, 
npHcnocoOupmuch B Balikasle K HOBBIM YCJIOBHAM WM HOBbIM XO3HeBaM, Jaa 
3€Cb H€CKOJIbKO HOBbIX BHOB WH HOBBIH po Codonobdella. OjnHako 9Ta Touka 
3PCHHA BbISbIBAeT BO3PaxKeHHA. 

Cpasuusas C. truncata c {pyruMu MpecHOBOHbIMH HM MOpCKHMH pHIObMMH TIH- 
ABKaMH, lipexkfle BCero CleqyeT OTMETHTh, YTO OHA HanOovlee CXOMHA C MpecHoBOs- 
HbIMH MIMABKaMM 3 posos Trachelobdella, Cystobranchus, Piscicola. Sta rpynna 
PoOOB TipefcTaBsAeT coOo1 eAHHbI pA POpM, B HayaJie KOTOPOrO HaxOJATCA 
BHbI pola Trachelobdella, oranuatomeca Han6omee KOPOTKUM TeJIOM, pa3ile- 
JICHHBIM Ha «ilelo» HW «TY JIOBKILe», KPYNHbIMH OOKOBLIMH MYy3bIpAMH HV 3-KOJIEUHbIM 
COMHTOM, a B Kone — pox Piscicola, oTmMuatoulMiica JJIMHHbIM y3KMM TeJIOM, 
Ma@JICHbKMMM OOKOBLIMH Ny3bIpAMH HW 14-KOJIeUHbIM COMHTOM. 5 

CyelyeT oTMeTuTb, uTo 14-KomeuHDIi COMUT HOABssAeTCA yxKe B lpefeax 
3-kosleuHoro comuta Trachelobdella. Tak, cpeaH Gombmoro uncaa T. torquata 
C P€3KO BbIPaxKeHHbIM 3-KOJICUHBIM COMHTOM 6e3 Cvleqa ACGaBouHbIxX Gopo3y, 
Obl HalieH OHH SK3eMIIIAP, Y KOTOPOro NepBHYHBIe KOJIbILa TeMHEIMH JIMHUA- 
MH OblJIM pasjesienbi Ha 14. Cpequ 9k3emmsapos T. sinensis, uMeroulHx 3- u 6- 
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(ONeUHDI COMUT, BCTpeualOTCA SK3EMMMAPbI C 14-KoneuHbIM CoMuTOM. Jia pona 
Systobranchus aBaseTca THNMYHOH 7-Komeunad CTpyKTypa comuTa, Ho y C. fas- 
jatus 7 Kove, ObIBaIOT JONOJHUTeMbHO pasfesieHbl Ha 14. Becte c Tem, B ToJI- 
yom comute P. geometra BTopH4Hbie Copossbi OpiBaloT Topa3yo rayOxKe HM wipe 
[peTHUHBIX H YCTBEPTHYHEIX, XOTA B MeJOM AIH 3TOH IIMABKH THNMYeH COMHT, 
tocrosmmmi us 14 mouTH OJMHAKOBBIX KOEL (HeECKObKO WIMpe Mpowux, OObIYHO 
SeiBpaeT TOMBKO OMMHHaWaToe, perme — BTOpoe — HM mecToe KOJIbILa). 

MoxkHo mpetnonoxKUTb, YTO JeseHve 3-KoJedHOrO CoMuTa Ha 14 xapaKTepHo 
AIA Wenol rpynnbt pokoB. OHO BOSHUKaeT B Mpeeax 3-KONe4HOrO COMHTA 
Trachelobdella, HaxofuTCA B COCTOAHHM CTAHOBJICHHA Y BHAOB POAOB Cysto- 
branchus u Codonobdella u focturaeT HanOonbilero pasBHTUA y P. geometra. 
C. truneata mo dbopme Tesla, BeIMYMHe OOKOBbIX y3bipeli, paculeHeHHIO COMUTA 
gaHuMaeT TpoOMexkyTOUHOe MOJIOKeHHE MeKIy Trachelobdella u Piscicola, “4 
nosToMy ee culefyeT CHUTAT Oosee IIpUMHTHBHOM (popMoH, YeM P. geometra (°). 

Takum 06pa30M, BOIpoc O POCTBEHHBIX CBASAX C. truncata BecbMa CJIOxKeH, 
‘Yi MHEHHE O MpPOWCXO*KMeHUH ITOH MMABKH OT P. geometra Hesb3A CUMTATb OO0CHO- 
BaHHbIM. He ucks04eHa BO3MOXKHOCTh, YTO C. truncata npousomiia oT OOMMX 
peaKos c T. torquata (Grube). ra THABKa TakxKe ABJIAeTCA OalKasIbCKMM 
‘QHI€MMKOM M NapasuTMpyeT Ha 6oKonsaBax HM OblyKax, HO WMeeT IIpHMHTHB- 
‘MBI COMHT, COCTOUIMi W3 TpeX HepaCuJICHeHHBIX Te¢PBHMHbIX KOJIelk. 


XapbKoBCKHi 300BeTep HHap HbIHi Tloctynuuio 
HHCTHTYT > 13 III 1961 
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JH TOK PHHOJIOLH A) 


Cc. E. JIEBHHA 


OB YYUACTHM IHJOKPHHHOH JEATEJIbDHOCTH HAPY)KHONM 30HbI 
KOPbI HAATIOYEGHHKOB Y TLJIOJA GEJIOBEKA 
B «PEMMHH3AUWNN» HAPY)KHbIX NOJIOBbIX OPFAHOB 


- (ITpedcmaeaeno axademuxom H. H. lI manveaysenom 18 vf 1961) 


B smOpvorene3e MJICKONMTaIOWIMX HefLocTaTouHO W3yyeHa MopcoreHeTuue- | 
¢KaA POJlb SHOKPHHHOM CHCTeMbI, XOTA JIA pxAjla wees OHOXHMMYeECKH 10Ka- 
3aHO HajImuve TOPMOHaJIbHO AKTHBHBIX BellecTB. B HafmoueuHHKax MVJIOOB | 
qejloBeKa B MOCeqHHe Tosh! OOHapyxKeHbI KopTHKocTepongzb (1,7). J,aHHEIx | 
Q HaJIM4MM TOPMOHAIbHO AKTHBHBIX BeLeCTB B 9MOPHOHAJIbHOM AMYHMKe B JIH- 
TepaType. HeT. 


Ojuako OvoxuMuueCKoe BEIABeHMe elle He pellaeT BOMpoca O poOIM STUX | 


BelecTB B Pa3BHTHH, TaK KaK HEH3BECTHO, NOCTYIIalOT JIM OHH B KPOBb IWOMa | 


WM e€CTb JH Y Hero OpraHbl-pellenTopbl, MopdoreHe3 H MeTaOOJIM3M KOTOPbIX 3a- | 


BUCAT OT HaJIHYHA STHX BellecTB. O MX POJIM B pasBHTHM MOKA MOXKHO CYTE 
TOJIbKO MO .pe3yJIbTaTaM SKCHEpHMeHTOB Ha MJI€KOMUTaomux. Tak, Mp BHY- 
TPHYTPpOOHOH KacTpalMH MIo,OB TOPMOHaIbHaA tbyHKUMA AWMYHHKOB He BBI- 
ABJIACTCA: H3MCHCHHM B Pa3BHTHH NOJOBbIX IyTeH y CaMOK MpH 3TOM He Ha- 
cTynaeT B OTIMUHE OT pe3yJIbTaTOB KacTpalluu mMiofoB-camuos (*). Pay pa- 
6oT ((4,°), 4 Mp.) FOBOpHT 06 SHTJOKPHHHOHM aKTMBHOCTH HafMOuedHbIxX Kees 
y IJIOOB MJeKONHTaoluIMx. OfHakO JaHHBIX 06 UX dopMooOpa30BaTeJIbHOH 
PpOJIH B pa3BHTHH Moa B AOCTyMHOH HaM JIMTepaType He OKa3asocb. 

Tucroxumuyeckve MCCJleOBaHHA, MOFyilve CBA3aTb JaHHble SKCMepHMeHTa 
© MOpdoJlorHyecKHM H3yyeHHeM OpraHoreHe3a, OYeHb HEMHOFOUMCJICHHBI. 
Balinc (°), HCMOIb3yA KUCJIbI (yKCHH, BLIABMI CeKpeTOpHyto cba3sy B HasMo- 
yeyHHKax MJIOQOB %XKeHCKorO Nowa B mepvHox 11—15 nHegzenb pa3BuTua. 
Jiom u ap. () ycraHoBYIH, UTO B PeTaIbHOM 30He MMeIOTCA NpH3Haku cbyHKIMO- 
HaJIbHOM AKTMBHOCTH, yObiBalollve BO BTOPyl0 TpeTb BHYTPHYTPOGHOM 2%KU3HH, 
Tora KaK B HapyXHOHM 30He C STOFO TepHosa OHH MOABJIAIOTCA HM HapacTaioT 
lO poxwkKJeHHus. 

TIpitaacb MOMOWTH K BbIACHEHHIO CpOKOB Hayasla AKTMBHOCTH MoOJOBOH 
HaMOyeyHOH wees U ee MHHAMUKH, MBI UccreqoBanu 34 MoMa wKeHCKOFO Nova 
10—25 Heletb pasBuTua. Bospact nmO,0B onpexemasca Mo Ta6uamM OuuBbe 
vu IIuno (°). [Inogui bukcupoBaiuch B OXsaxKeHHOM pacTBope BoxKepa co BCKpH- 
TOM OpIOWIHOM MOJIOCTHIO Nocwe peKpalleHHaA CBA38M C MaTepbIO, B TeyeHHe 3— 
12 vac, 3aTeM BBIeeHHIe AMYHHKH HW HaMOVeGHUKM MO*uKCUpOBAaJINCh B Te- 
yeHve CyTOK. B page cnyyaeB NpoMsBOAMach MpoBepKa BAMAHUA Josroro 
TpeOblBaHuA B PUKCATOPe: OAH HaMMOUeYHHK M3BJIeKasIcH uepes 3 uaca, Apy- 
rou — OT ToH xe ocoOu — uepe3 12 uac.; npu cpaBHeHuHM ux Nocue OOnUHOH 
OOpaooTKM 3aMeTHEIX pas/IMUMH He OOHapyxXUBaNocb. Pesanuch 3aMOpoxKeHHble 
cpesbI TOMMMHON 15 f HM MpousBO_MANCb: OKpacKka cyjanom B uepuem (B 70° 
ciupte 2 MMH.), peakitua Koiina Ha HeliTpabHble wMnoumn (%), peakuusa Ha Ke- 
Tocrepougp Am6enb — 3enurmaua (1°), 1po6a Baxepa Ha docipaTusbl C KOHTPOsb-_ 
HOM SKCTpaki{veH MMpHMHoM (11); Kpome Toro, Jeanacb peakiua Kalina c npen- 
BapHTeJIbHDIM XPOMHPOBaHHeM TKaHeH B KYCOUKAaX H Cpe3ax MO Mpomucn MeTosa 
Boxkepa. IIpu SToM yMalocb ycTaHOBUTb, YTO Takad MOsMUKaIMA NMosBOuAeT 
BPIABHTb HCMTPaJIbHble JIMMOWAbI HHOH JIOKAIH3allHH, YM JIMMOWII, BbIABJIAe- 
Mble 63 XPOMMPOBAaHUA: He KaneJIbHbIe CTpyKTypbI B KJIeTKAX H OCOGeHHO B TIpo- 
1012 


1 
| 
} 


Puc. 1. Hagnouewnnk mioga 15-.H HemerM pa3BuTHa. 

Cyaau B uepuptit. OK. 10,06. 8X. HapyxHaa M 4aCTb 

cpeHeli 30HbI He ColepxKaT CyMaHOPHIbHbIX BKJIIOUe- 
Hui. B mpocBeTax COCyJOB—SPpHTPOUMTbI 


Puc.2. ToT xe mpemapar. Ox.10, 06. 8X .HwxKHAA YaCTb 

cpefHeli H BHYTPeHHAA 3OHBI. O6usve CyaHoPHJIbHEIX 

3p HHCTBIX BKoueHHA B KuleTKaX H Mey HHMH. 
Quaropple KOHToMepaTbl 3epeH H KarievIb 


Puce. 3. HanmoueunHkK rmiofza 99-ii Hewes pa3BHTHA. 

Peaxuua Bakepa. Ox. 10,06. 20x. HapyxHas 30Ha 

cnlomb 3amouHeHa TOHKOrpaHyJHpOBaHHOH 3epHHCTO- 
cTbIO. CpeqHad 30Ha HeraTHBHa 


JLAH, rv. 139, Ne 4, JlepuHa 


ee 


ppeTax MexKly HUMH, a MeNKOLUCTepCHble BKJUOYHHA B IWMTOMMASMe. B* kaue- 
eTBe KOHTpOviA BCeMM MeTO/aMH oOpadaTEiBauch TKAaHH WedeHH M MbIILUIpI. 
Y sBcex M0108 TIPOUSBOLMIOCh UCCeLOBAaHHe PasBuTHA HAPY?KHbIX TMOJIOBbIX 
ppranoB M 3apvicoBKa Ux C TOMOMLbIO PHCOBaJIbHOTO armapara. Tlomyuenbi cue- 
yrollwe pesyJIbTaTHl. B AWuHUKaX BCeX IIJIOLOB, HesaBUCHMO OT BospacTa, BCE 
IpHMeHeHHble peakUMH OKAasaJMCb HeraTHBHbIMH: HWKakue BelllecTBa JIMMOW]- 
HOM IpHpoOsbl B HUX He BbIABJICHDI. TonbKo B WMTOMMA3Me OBOIMTOB y NOOB 
pceX M3YYeCHHbIX BO3pacTOB OOHapyKUBAIOTCA CYAAHOUJbHbIC CKOIVICHHA, 
HEOTUETIMBO MOOAKUTEM_HbIC TPH peaxumu AmG6eb — Seiurmana. 
- B nagnovewnukax Bce IIpHMeHeHHEIe MCTO[bI BbIAB/AIOT JIMMOW Ab B (peTaJib-: 
HOM (cpelHAA U BHYTPCHHAA) 30HE Y MJOA0B 10—15 wenenb (puc. 1 u 2). Ho- 
‘MUMO BHYTPHKJeTOUHOTO HakOMeHnHA STH BeILeCTBA OOPa3YIOT OFAFOBbIe KOHTJIO- 
MepaTbi 3epeH HM Kaleb, oco6eHHO BO BHYTpeHHel sone. C 16 Jo KonIa 17 He- 
fen HaGlOfaeTCA yObllb STHX BeULeCTB, B reyenne 18 HefesH — KOpoTKMH 
TObeM M 3aTeM OKOHYATEIbHBIM Cras. Tipu peaxunu Koiina BpinBsiaeTca Heit- 
Tpasbubiii XApaKTep STHX JMMOUAOB, CBABbIBAIOMIUX OKCa3HH. CylelyeT OTMCTUTH, 
UTO B JOKAIM3aUNH JIMMOMAHbIX BKJIOUCHHM, BLIABJIACMbIX PaSHbIMH MeTOAaMH, 
PaOmoLaoTcA pasiM4HA 3a UCKIIOYCHHEM OUarOBbIX KOHTJIOMepaTOB, MOJIOXKH> 
TebHBIX TIpH BCeX peakIMAX. BospacTHaa %e KpHBaA BbIABJICHMA pasHbix 
“JMMOMMOB CoBMalaeT OYeHb OH3KO. 
| Hapyxkupii c0H Kopbl pasuyvM c 11- Hewemu KaK HeraTHBHO' pearupylo- 
‘ui Mpu BCeX IpMMeHABLIMXCA METORAX (puc. 1). ¥ naofa 10 Helen OH elle 
“HeonpefesuM: BCA Kopa, HadHHad OT Karcyuibl, o¥aroBo CyLaHouNbHa, COAep- 
KUT tpocbaTHAL! MU HeHTpaJIbHble JIMMOVAbI MU LaeT OUAPOBY10 CaO MOMOAUTECIb- 
HYIO peaKUMIO Ha KeTOCTepOHE!, B ruiyOuHe ee yxKe NOABIALOTCH KOHTJIOMep aTbl 
gepeH HU Katiesb. C 19-H Heme pasBuTHA UccJeLyeMble BeilecTBa HayHHaloT 
HaKAIVJIMBaTbCA B Hapy2XHOH 30He KOpbl, Te 3aTeM UX KOJIMUeCTBO Oe3 CiaOB 
HapactaeT. IlpH peakuHu Kofina dyHKWMOHaIbHaA AKTHBHOCTb Hap y2KHOH 
 g0HbI HaYMHaeT MPOABJIATHCA HAKOIJICHHEM KYCJIbIX JIMMOuOB, KOTOpble B Te- 
_yeHve KpaTKoro Nepnosla CMeHAIOTCA HeliTpavIbHBIMH, B [aJibHeileM mpeodua- 
jarouumu. IIpu peakuun BoKepa B kuleTKax HapyXHOM SOHbI HHTeHCHBHO 
BHIABIAeTCA MeKOTOYeNHaA, OoraTad tboctpaTHaMH 3epHHCTOCTb (puc. 3), 
KoTopyro Kalin (7°) cuntaeT y Kpbic muToxonipusamu. Ilo oTHomeHHio K CyaHo- 
(PUIMM BHIABJeHHe 9TOH 3EPpHUCTOCTH HeCKOJIbKO 3alla3fbiBaeT: OHA MOABJIACTCH 
na 20 Helene, Ho cpasy B OO/IbINOM KoJIMueCcTBe noABseHHe ee COBMaaeT C Ha- 
-KOMNJICHHEM HelUTpabHbIX JTMMOWAOB. BemectBa Hapy2XHOK 30HbI OYCHb c1a6o 
HOJOKUTEbHLI IpY peaKIMH Ha KeTOCTePOHADI, peakuma Kolina mocse XpoMH- 
POBaHUA BbIABIACT UX TOJIbKO B Haale Hakonuienua — Ha 19 Heese, NOSAHEE 
3Ta peakIMA CTAaHOBHTCA OTPULaTeIbHON. 
B TKaHAX MeveHH H MBIT! (nmacparMa) MJIOLOB pasHbIxX BOSpacToB He OKa- 
3ajiOCb CTPYKTYP, MOO*KUTEbHO pearMpYylOulMx IPM HCHOb3OBaKHbIxX MeTOax. 
Hapy2kuble reHuTasMH: y NOOB 10-18 Helenb HaGmoparoTca csad0e pas- 
BHUTMe 3akJalOK OOJbINMX MOJIOBbIX ry6 W KAMTOp NoyTH TOrO Xe pasmepa, 
uTO TOJOBOH WieH y MasIb4uHKOB — MJOL0B TOTO we pospacTa. OTa HCXOAHAA 
tbopma c 19—20 HejeuIb jpeTepnepaeT akTHBHY!0 «beMHHV3alluio» M peskoe yBe- 
jMueHHe pasMepoB, NpHOumKAACh K MOpOJIOTMH Hap yKHbIX TeHUTAJIHM HOBO- 
pow eHHBIX. OOpamiaeT Ha ce6d BHYMAHMe COBMAaeHHe BO BpeMeHH MOABJCHHS 
fIpH3HaKOB (byHKIMOHAJIbHOM AKTHBHOCTH B HAapy2KHOM 3OHE KOpbl C BLIP axKeHHOU 
«PeMMHH3 alive» HapyKHBIX reHuTanui. STO COBNalenne NpeACcTaBsAeT ocoOplit 
WHTepec Tp yueTe CueLYIOMUX NAaHHbix KJIMBMKH HW SKCMepHMeHTa. B cayuanx 
riceBsorepMadposuTH3Ma Y HOBOPOMKAEHHBIX BeBoueK, Kora GOJIbUIHE MOJOBbIC 
TyObl HefopasBUTbI HW KJIMTOP TO pasmepy lpHosm«Kaetca K TIOJIOBOMY WIeHy_ 
MaJIbuMKOB, MaTOsOrMyecKHe U3MeCHEHHA OOHapyKUBAIOTCA HME€HHO B Ha/TOUet- 
HuKax B Bue runepnwia3svv berambHol (cpewHAA 4 BHYTPeHHAA) SOHbI H HeAO- 
pasBUTHA HapyxHOH SOHBI (23,1415). ABTopbl TOMOOHLIX KJIMHHYCCKUX onucaHHit 
allpvopHO NpesnosmaraxoT, YTO TipHuHHOK sTOH NaToONOrMy MoxkeT ObITb H3ObITOU- 
HbIli CHHTe3 B OpraHH3Me aHApOreHos, jlOKasIM3OBaHHbIM CKOpee BCerO B THIIep- 
nyiasHpoBanHon (beTaJIbHOM 3OHE. Vimeotca HeMHOFOYHCIeHHbIe NOMbITKM MPO0- 
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BepKU 9TOM rumoTesbl. Box u Ap. (8) ycTaHOBMIH, UuTO B HawMoyveyHuKax MIOLOB 
yenopeKa o6oero Hosa c 9,5 no 12,5 Heqemu Cy-cTeponAbI peskO mpeobayaror) 
nan Co-cTepoujamu (oTHomeHve 100: 1), Torga Kak c 16,5 no 21 Hefemo 3TO! 
OTHOIIeHve paBHO yxKe 5—10: 1. 3 C),-cTepouoB MMM BbIeseHbI aH/pocTeH-! 
MMOH M JervAposnvaHApoctepou, oGsafarouiwe CaObIMM aHJPOreHHbIMM CBOM=\9 
cTBaMH, a “3 C.,-cTepoufoB — rufpoKopTuKoctepon. ABTopbl He NpHBo_AT 
OKa3aTe@JIbCTB TOPO, UTO CaGad AHAPOTeHHOCTh HalieHHbIX UMM Cy9-cTeponoB | 
(byHKIWMOHabHO akTHBHa. Mexxly TeM, No COBpeMeHHBIM pefcTapsenuam (77,78), 
STH BeeCTBA SIBJSIOTCH MPOMexXKYTOYHBIM STaIIOM B CHHTese C,,-cTepOHsOB. |F 
CpujleTeJIbCTBOM TOPO, 4TO Cla6ad AHAPOFeHHOCTh STHX BeLLECTB (yHKILMOHAJIbHO | 
HeakTHBHa HM He MrpaeT shopMooOpas0BaTeJbHOH POM, ABJIACTCH OTCYTCTBHE If 
pasim4vi MexKAY J€BOUKAMH HW MaJIbyHKaMM 10 KosMyecTBy 17-KeTocTepouoB if 
B KpOBM MymoBuHE! (K 17-KeTocTepoHaM Kak pa3 OTHOCATCA aHAPOCTeHAMOH, 
jlerHpOSTMaHApocTepoH, a TakxKe ajlpeHoctepon uM scTpon) (7°). Hakonet, | 
IPH SKCHePHMeHTAIbHOH MpoBepKe HM B OHO M3 M3BeCTHEIX HaM paOoT HM | 
UMIJIaHTAawHA HaMO“eYHHKOB MWvOqa, HA BBeeHHe SKCTpaKTOB 3 HHX (1%), 
HH WHbIe MeTOJbI Kak Y MJOMOB YeOBeKAa, TaK HW Y APYFHX MJICKOMUTAIOWIMX HE | 
OOHapyKHJIM B HaAMOveyHHKaX WIOMOB aHAporeHHOH akTuBHocTH. Kapue (7°) 
OMOXMMMYeECKH Taky%Ke He CMOP HaliTH aHJporeHoB B HasmoueyHUKax 20 MONOB 
yenopeka 18—40 Helenb pa3sBHTHA. OH yCTaHOBHJI JIMIUb HalMune HeOOJbIIMX 
KouuuecTB acTpoHa. Ilapkep u ap. (7) oTMeuaeT, YTO BHYTPHMAaTOUHAA CMepTb 
myloa BeeT K MaJeHHIO BLIJeJICHHA MaTepbIO 9CTPOFeHOB TIPH elle (PYHKIMOHH- © 
pyroulel MaleHTe; pH XOPHOHSMUTeHOMe IKCKPeCLLHA ICTPOTCHOB TakKe OUEHD | 
Masia. ABTOpbl! 6HOXMMMYECKN BLIABMJIM SCTpOreHbl y 5 MOAOB BTOPOH Moso- 
BHHbI OepeMeHHOCTH. 

Hani JaHHble MO38BOJIAIOT CeaTb HEKOTOPbIe NpeANoIOKeHHA O Xapak- 
Tepe JIMMOUJOB, HaKallIMBaIOulMxcaA B HapyxXHOHM 30He Tocvie 18 Heeb y M0- 
fjoBp »KeHcKOrO Tosa. M3 cyqaHopusbHbIX HeHTPabHbIX JIMMOMAOB KeTorpynma 
OTCYTCTByeT TOJIbKO Y YaCTH SCTPOreHOB, HMCHHO Yy SCTPHOJIa HW y SCTpasMona, 
SCTPOH 2Ke, BCe KOPTHKOCTepOH hI H BCe AHAPOreHb! cosepxat ee. Ilostomy uMeH- 
HO SCTPHOJI HW SCTPaHO/ He BLIABJIAIOTCA pu peakunu Ani6erb — SennrMana. 
B. To 2Ke BPeMA MX TPHAPOKCHJIbHbIe PPyNMbl, CBASKIBAACh IPH XPOMMpoBaHHH, 
JOJOKHEI TpHBOAMTb K MoTepe HeliTpasbHOCTH, YTO MOMKeT ObITh MPHYHHON He- 
raTHBHOCTH HX B peakiMH Kolina noce xpomupoBanua. IIpu stom npesnomoxe- 
HMM €CTeCTBEHHO OOBACHAETCA (PEMHHU3UPyYrollee BJIMAHHE STHX BEILeCTB Ha pa3- 
BUTHe HapyXHbIX TeHuTaIMi. B 3akmioyeHue 9TOTO OOCyKAeHHA CeLyeT yuio- 
MAHYTb padoTy Pot uw ap. (?*), ycraHOBMBLIMx, 4YTO KONHYeCTBa 9CTpOHa HU 
acTpaluola B KPOBM MaTepel HW MIOL0B OM3KO COBMaaloT, Tora Kak cofepxa- 
HHe SCTPHOa Y MAOAOB YeNOBeKAa MOCJIeAHAX MeCAeB CBEILIe eM B 10 pa3 Ooulb- 
ie, Heke y MaTepel. IIpH sToM H3BeCTHO, 4YTO ECM Y XKeHINHH B TepBylo 
MOJOBHHY OepeMeHHOCTH C MOYO BbIJeMAeTCA MpeCHMYILeECTBEHHO 9CTPOH, BO BTO- 
Ppy!lo NOJOBMHY, KOra KOMMYeCTBO BbIAeIAeMbIX ICTPOFeHOB 3HAYHTEIbHO Hapa- 
cTdeT, OCHOBHYI0 HX YaCTb cocTaBAeT 3cTpHo (74). 

IlpeqctaBienusa O HeMpeMeHHO! cBA3M MceBsorepMapposuTH3ma C H3ObITKOM 
aHJPOreHOB MOFJIM BOSHHKHYTb BCJICACTBHe HE3HAHHA HOPMasIbHOrO 3MOpHore- 
He3a HapyXHBbIX TeHUTAaIMM, 4 HMEHHO TOPO, YTO Y MOAOB NepBO MOJOBMHbI BHYT- 
PHyTpoOuoro pasBUuTUA HCxXofHad CopMa OUeHb OM3KA K COCTOAHMIO HapyXKHbIX 
reHuTaIMH Mp MceBsorepMappoAMTH3Me HOBOpOwKAeHHHIX. IIpu stom y Takux 
eTeH He TOJbKO HapyKHble TeHHTAIMM, HO M HasnoyeuHble wKeesbl KaK Obl 
OCTaHOBJICHbI B Pas3BUTHH TakxKe Ha yYPpOBHE MepBOM NOJOBUHbI BHYTPHYTpOOHOK 
*KM3HU: UX *eTaIbHad 30Ha FMNMepnasMpoBaHa, COMepKUT CyanouIbHBIe U 
ABy y4elpeOMIAoulMe BenlecTBa (1°), Tora KaK HapyKHaA 30Ha HesopasBuTa— 
M Cylanotooua. Bee stu OTHOMIeHHA HaOmOMalOTCA B HOPMe, HO He y HOBOpO- 
*CHHBIX, a y Ttof0oB 10—15 Heqenb pasBuTua. 

CurelyeT OTMeTHTb TakxKe, YTO B KMHUKe H B 9KCepHMeHTe XOpoLo JeMoH- 
CTpMpyeTcA MHaA, 4M JIA BHYTPeCHHHX MOOBbIX HyTeH, peryAWMA Mopdore- 
H€3a HapyKHbIX renuTaiui. Tak, B WMTepaType OMMcaHbI OOMbHBIe C BPO MeHHOH 


 TIOUJHOW areHesuel O6OuXx AMYHUKOB, TIP STOM HapyKuHble MOMOBbIe OpraHbl Y HHX 
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\asBUTBI HOPMa/IbHO 110 2%eHCKOMy THIY 7). Ylpu BHYTPHyTpOOHOM pa3py- 
peHUM TOHA MIOMOB peHTTeHOBCKMMH Jy¥aMH y MBINIH HapyKHble reHvTaiHH 
i ypOreHHTaJIbHBIM CHHYC TOLOB pasBMBaloTCA NO MKeHCKOMY Tuny, Hesa- 
31CHMO OT Hovia KACTpHpoBaHHOrO oa; HAAMOYVeETHUKH UX HE paspyulasIMcb (22), 
' Haxkonell, HHO xapakTep perysanun Mopdorenesa Hapy2KHBIX PeHUTAMH TO 
cpaBHeHHlo C BHYTPCHHUMH TOJIOBHIMM TyTAMH VM pepakTepHOcTb 9TOTO Mop@o- 
penesa K JeHCTBMIO aHJIpOreHOB, BO BCAKOM CJyuae B IepBOi MOJOBUHEe BHYTPH- 
yTpoOHoro pasBuTHs, XOPOUlO JeMOHCTpUpyeTcAa Y KOPOB IIpH (PpHMapTHHHSMEe. 
Y nnofa-caMKu Mof LeHCTBHeM AHJLPOreHOB OMSHelLa-CaMila pesko HapymiaeTca 
pasBHTHe AKYHMKOB H BCeX OpraHoOB — MpOWsBOAHbIXx MroumepoBa NpoToka. 
(Onnako HapyxKHble TeHHTaIMH y HUX OOLIYHO PasBUTbI HOPMAJIbHO TO yKEHCKOMY 
quny, oTYero JO BCKPHITHA HX CUMTAIOT Mpocro CTepHJIbHBIMM CaMKaMul (2°). 
l) Hakone, oTcyTcTBHe THCTOXUMHYECKH BbIABJIACMBIX JIMMOHAOB B 3mMOpvo- 
feHese AMYHHKOB MOJIHOCTHIO coprafaet c 3KCIepHMeHTAa JIbBHbIMH JlaHHBbIMH M0 
OTCYTCTBHIO BJIMAHHA CO CTOPOHL! AMYHAKOB Ha pasBuTHe MOJIOBbIX nyTei, 
NOJyYeHHBIMH Kak TIpH BHYTpHyTpOOHON KacTpalun (3), Tak H Ip KyJAbTHBH- 
‘popanun in vitro, NomOBbIx ryTeH KpbIC C noyicamKoH B cpelly 3MOpHOHaJIb- 
“HbIX AHUHMKOB (**). 
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TAP ASHTOJOLHA 


T. A. PHHEWMHCKAS 


JMHAMHKA OTJIOKKEHUA XKHPA B XOJE )KH3HEHHOPO 
WMKJIA TPEMATO) 


(ITpedcmaeaeno axademuxom K. H. Cxpadunoim 24 IIT 1961) 


Kup, OTKaqpiBaolwluiicA B TKAHAX Mapa3sHTHueCKHX YepBel, MOXKeT HMETb 
pasJIMuHOe TpOwcxomKeHve WM 3HayeHHe. OHHM U3 BO3MOXKHBIX HCTOUHMKOB 
NOABJICHUA KUpa Y SHLOMApasHTOB CJYRKUT CHHTeSHPOBaHHe eFO U3 MpOLyKTOB 
pacuielIeHHA 2%Upa, MocTyNaloujero c muueH B OpraHu3M xo3svuHa (7). Kup 
MOxKeT OOpasOBbIBaTLCH TaKKe B pesyJibTaTe Merenepaluu («“KUpPOBOrO Mepe- 
poxkleuua») TKanel (+,”) MapasHuTOB WIM Mp UX TosoAaHUN («rosopHOe O*KUpe- 
Hue») (?,°), OqHaKO OCHOBHOE KOJIMYECTBO %KUPa, KOTOPOe OTKMAbIBAeTCA B TKa- 
HAX SHLOMAapasHTOB, MpecTapsAeT COOOM pesyJbTAaT HENONHOTO pacilenJeHHa © 
y'uI€BOLOB H ABJIAETCA NOOOUHEIM MIpOAYKTOM Mpolecca, KOTOPbIi C1y2KHT OCHOB- 
HbIM HCTOUHHKOM SHEP WA .SHLoMapasHToOB, OOHTAaIONIMX B aHadPOOHbIX 
ycmopuax (1). Stot xup Bpany (*) HasbiBaeT 9KCKpeTOPHEIM. Morenb u pany (°) 
TOKasasIW, YTO Y THMNMYHbIX AHOKCHOHOHTOB (leyeHOUHAadA JByyCTKa) Kp KOH- 
IeHTpHpyeTca B KaHaJIaX BbIJeJIHTeJIbHOM CHCTEMbI H MOYEBOM My3bipe HW 3aTeM 
ydausetca (°). OfHaKO 3HAUNTeJIbHAaA YACTh 9KCKPETOPHO"O KUpPa OTK AaLbIBaeTcAa 
HeNOCpeACTBEHHO B MapeHXUMe YepBeH, IPHYeM NpOHCXOAMT NpeBpalleHue Hu3- 
IUMX 3KHPHBIX KUCJIOT, AJOBUTHIX JIA OpraHv3ma, B BBIcuMe (1). Ucnonb30BaHue 
2%KNpa B KayecTBe 9HEpreTHuecKOrO peccypca SHAONapa3svTamu, OOMTAIONIMMu 
B aHAPOOHIX YCJIOBHAX, HE MOXKeT HMETH mectTa (7,4,”). 

Y TpemMaTol, — Mapa3uTOB CO CJIOXKHBIM 9KH3HEHHBIM WMKJIOM, KOTOPBIM cBsA- 
3aH CO CMeHOM XO3HeB HM cpel CONTAHHA,— 2KUpP, OOHAPy2KHBAeMbIN Ha Pa3HbIx 
(pa3ax UX pasBUTUA, HECOMHEHHO pa3JIH4eH MO CBOeMy poHcxoxenuto. Mores 
vu Bpany (°) oTMeTHIM 9TO B CBOeH pa6oTe, NOCBAMIEHHOM H3y4yeHHIO AMHAaMVKH 
*%KUpa Ha PasHBbIX c:hasax Pa3BUTHA MeyeHouHOH cbacuMombl. Jlytta (?) yKasbi- 
BaeT, YTO MMHAMUKa %KUPa B XU3HEHHOM IWMKJIe TpeMaTOA MOBTOpAeT JHHAMHKY 
riukoreHa. Ona oTMeuaeT HaJIWUne 3aBHCHMOCTH M@xK Ly KMPOM H TIMKOTeHOM, 
BbIPAKalolleHCA B TOM, YTO HavOOJIbINee KOMUeCTBO %KUPa OOHAPy2KUBaeTCA 
B MeCTaX CKOINJ€HHA PIMKOreHa. ITO MpHBOAUT e€€ K 3aKJIOUeCHHIO, YTO 2KUP 
TpemaToy oOOpasyeTcA TiaBHbIM OOpas0M B pe3yJIbTaTe paciafa riMkKorena. 
KoumyuecTBo %KMpa, OTKaLbIBaeMOro B TKaHAX Mapa3MTOB, BO3pacTaeT, MO ee 
HaOJOMeHHAM, HO Mepe Mepexoya OT OAHOM casbl pasBUTHA K [pyro u WocTu- 
raeT MaKCHMyMa Y TOJIOBO3pPeJIbIX TpeMaTOL. 

Hactosnee HcceqOBaHve, MOCBAIIEHHOe W3Y4eHHIO JMHAMUKU 2KUPOBbIX 
OTJIOKEHMH Ha PasHbIX (asax pasBUTUA TpeMaTOL, MpOBomNOcb Ha Oase Vuctu- 
TyTa OMoNOruM BOMOXpanuaun, AH CCCP (Pri6nnckoe Bogoxpanusuue). Usyua- 
Jiacb JMHAMMKa %KUpa B CNOPOMMCTax, WepKapHAX, MeTallepKapHAaX HM MapHTax 
BOCbMH BUOB TpemaToy *. Jia onpeeeHua %KUpa IpHMeHsAJIacb OKpackKa cy- 
jaHom II] m vepHpmm cyjanom. Cnopouncts u WepKapuu 6e3 npesBapuTenbHOn 
(buKcallMH TepeHOCHJIMCh B paCTBOp KpacCWTeA, B KOTOPOM BbIJepxKMBAaIHCb 
S—20 MHH., mocjle vero paccMaTpuBamuch B TMMepHHe. OfHOBpemMeHHO mIpo- 
HSBOMMNACh PUKCAIMA UCCIELOBaHHbIX OObeEKTOB 2%uKOcTHIO Ilamnu, c nocwe- 
AyiouleH 38aMBKOH B NapaduH HM HsroTOBseHHem cpe3oB. Vsyuenve maTepnama 


* e es 
BouJIbiy!O HOMO B MpoBezeHHH 9TOII pa6oTEt MHe oKkasam A. A. Jlo6poBoubcKHli, KO- 
TOPOMy S| MpHHOMy HCKpeHHIoIO 6AaroyapHoctD. 
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boxasano 3HauNTeIbHBIe KoNeOaHNA B KOMMUECTBE M JOKAM3aIlMM 2KUPOBbIX 


ToKeHHH He TOJbKO Ha pasHbIX (basaxX PaSBUTHA, HO M y PasHbIX BUOB Tpe- 
@TOX, YTO, TO-BHAMMOMY, CTONT B CBASH C OCOOe€HHOCTAMM UX OMOVIOrHH. 
_ Iipexye Bcero oOpamlaeT Ha ceOA BHUMAHMe PesKaA PasHHlla B KOVIMYECTRE 
(apa, SaK/HOUCHHOTO B TKAHAX CTCHOK CIOPOUHCT, y pasHbIx BuoB. Tak, cmo- 
(OMMCTH! CTHJICTHBIX WepKapuit (Opisthioglyphe ranae Frohlich, Xiphidio- 
ercaria I Ginetzinskaja u Xiphidiocercaria sp.), JoKanM3ytoliMecaA Ha MoBep x- 
lOcTH 2KelyiKa M KMWeWHHKa MOJIOCKa xo3iuHa (Limnaea stagnalis L.), 
(OUTH COBCEM JIMINeHbI 2KH- 
)a; TOMbKO Ha cpesax y/a- 
mca MHOTfa pacCMOTpeTb 
\TIeJIbHBIE + OUeHb MeJIKHe 
(alli, YePHALIMecA OCMHeM. 
fo #%e camoe xXapaKkTepHO 
[JIA CHOPOLLMCT KOTHOWEpK- 
gbIX WepkapHveB (Sphaero- 
stoma sp.), KOTOpble J1OKa- 
MM3yIOTCA B JlakyHaxX Me?K- 
iy oprawaMu MovWOCcKa Bi- 
thynia tentaculata. B To 
ye BpeMaA CHOpolcTEl yp- 
Bee ocanecs (Cotylurus bre- 
vis Dubois & Rausch u Cer- 
caria spinulosa Ginetz.), 
MOoKaNMsyriolulvecA B TOVILLE 
MapeHXHMbI NeveHH MOJIIIOC- 
xa L. stagnalis, oka3aJIHCb 
upesBEualHo OoraTbl *Upo- 
BRIM BKOUeHHAMH (puc. le) , 
iO FOpEIE OcoGeHHO MHTeH- pyc, 1. Pacnpezesenve 2xupa y Cotylurus DLEVASHe 
‘CUBHO OKPpallluBaloTca cyla- e—pasupie craquH dopMupoBaHia uepKapHes, 10 « 20; 
nom Ill. bBoratst x«upom 9 — speauiit uepKapuii, 10 X 20; — e — cmopouncra, 
make peluu cem. Echino- 5 X 20. Penpog. 1:2 
stomatidae (Cecaria helveti- 
ea XXII Dubois, Echinostomatidae gen. sp.) 4 Notocotylidae, soKasH- 
30BaBIIIHeCA B MeYeHH MOJIJIOCKOB. 
KomwuecTBo %KUpa, OTK afbIBaloleroca B TKAHAX IWepKAaPHeB, Toke Bapbi- 
pyeT y pasHBIxX BUIOB. Tak, y CTHJeTHEIX IepKapwes 2%KUP NMOABIACTCA B KOHL 
WX, pasBUTHa. B sapoppimeBbix Wapax w%Upa HET copcem. Meupualiline *XHpOBble 
KATIIM NOABSAIOTCA Ha JOBOJIbHO MO3LHUX cTanuAx POpMMpoBaHHA Wepkapun; 
OHH JIMIMb HeCKOJIbKO YBeJIMUMBAaIOTCA B pasMepax y WepKapHeB, YAKS o6s1a- 
yaroulux gauaTKOM cTHsieTa. K MomeHTY BbIxXOa HepKapHes W3 MOJJOCKa KO- 
jimuecTBO %Kupa OcTHraeT MakcuMyMa (puc. 2, a— 0). Hanpotus, y cbypKo- 
“IepKapHeB XAUPOBLIe Kan MOABIAIOTCA OVCHP paHo, ellie B 3APOAPINIEBbIX Ila 
‘pax, a KoulMYeCTBO MX focTHraeT MaKCHMyMa Y TouTH CbOpMHPpOBaHHBIX, HO 
ee HeNosBwKHBIX WepKapves. B MoMeHT BbIXO1a H3 MossocKa HaOso,aeTCA 
“HeKoTOpoe YMeHbIIeHHe KONMYeCTBA Apa (puc. 1, a—e), a y° aactE 
oco6eli 2KMpoBbIe KalliM coBceM Mcuesalor. QueHb MaJIbIM KOJIM4YECTBOM 2KUPA, 
4 WHOTa HW MOMHBIM ero OTCYTCTBHEM XaPAaKTEPHSyIOTCA nepkapuu Sphaero- 
stoma sp. 
Cyp6a %KMpOBEIX BKNOUeHHH B TepHok CBOOOMHOM 2KU3HH WepKapHesB y pas- 
HBIX BuoB pasiMuna. Y paccMaTpuBaBLIUxcA 9XMHOCTOMMAHBIX ILepKapves 
WH, UaACTH CTHJIETHBIX (Xiphidiocercaria I, Xiphidiocercaria sp.) KOMM4eCTBO 2KU- 
POBBIX KaMleJIb OCTABaJIOCh HEH3MCHHBIM OT MOMeHTA BbIXOMa epKapveB B BOLY 
‘no ux ru6enu (puc. 2, 0, e). BTo xe BpeMA Y tepkapues Opisthioglyphe ranae 
| MMeeT MeCTO ABCTBEHHOe pacxofoBaHnne wupa (puc. 2, oc, 3), IpHuem x#up NOTpe- 
| 6nAeTCA JMUIb B MOCeMHUe UACbI KUSHH WepKapHeB, Kora M3pacxOJOBaHbl BCe 

ganacbl riukoreHa, H WepKapHu, moTepxB CHOCOOHOCTh MlaBaTb, OMyCKaloTca 
1017 


Ha HO cocyfa *. ABJIeHHA TOMOLHOrO OXKMpeHHA y WepKapHii MbI He HaOuIO 
jaan. . : { 
>Kup B (pase MeTallepKapWeB pasHbIX BHLOB 3aBHCHT OT YCJIOBMM UX CyM\eCTBO- 
panus. MeranepKapuu Sphaerostoma soKaIM3yloTCAH B MpOMexKyTKax MerK]\y 
opranamu xo3auna (L. stagnalis). OTH MeTalepKapHu, MCCJeOBaHHBIe B BOS: 
pacte oT 2 quel Jo 2 mec., ObliM CoBepieHHO aMMeHbI %KUpa. TlowTH smueHx 
*KUpa HU MeTallepKapuu O. ranae, MeCTOM JIOKaIM3allMH KOTOPBIX ABJIAIOTCH TKaH 
HOP HW MaHTHM Movsiocka L. stagnalis 1 NoJBHxKHbIe TKaHH am*uoui. B Momer 
MX TMPOHHKHOBeHHA B JO 
TlOJIHHTeJIbHOTO XO3AHHaly 
wepKapwu O. ranae Bcerga 
OoraTbl 2XHPOBbIMM BKIIOUe- 
HuAMH. M3yuenne metanep- 
KapveB pa3sHoro Bo3spacTa 
MOKa3bIBaeT, YTO KOJIMYeECTBO 
*%Kpa B HHX MOcTeMeHHO 
yMeHbiulaeTcs, Mo yepe3 
1—2 mec. ocTaloTcaA JIMUIb 
CJIeqbl 2KNpa B BUJe MeJb- 
yamux Kanedb. Ilpotuso- 
MOJIOXKHbIEe aHHbIe OLLI T0- | 
JYyYeHbI pH W3yyeHuH dyp- 
KollepKapveB. Tak, Ha 5 
JleHb Tocsle MpOHHKHOBeHHA 
B J\ONOJHUTeIbHOrO XO3AH- 
Ha (L. stagnalis) nepkapu- 
ep Cotylurus brevis B napex- 
XHMe apa3suTa, JIOKaJM3y- 
1OUerOCA B MeyeHH HM rouase - 
MOJIJIOCKAa, HaGw0aeTca 
yBeJIMYeHHe YNCIa WH pa3me- 
POB %KHPOBbIX KalleJib. OQTOT 
Iipoecc MposonKaeTcA 110 
Mepe pa3BHTHA. MeTallepKa- 
pv, H y ciopMupoBaHHElx 
TeTpaKOTHJIe 2KHPOBbIe Kall- 
JIM 3aNOJIHHIOT BCe TeJO, 
pacnolarascb B OCHOBHOM 
lO XOy SIKCKPeTOPHBIX Ka- 
Puc.2. Pacnpegenenue »upa y Xiphidiocercaria |. (A, Ee Se eet, 
10 X}20) u Opisthioglyphae ranae (6, 7 X 20). a— REOHO Bir eee Cerc. SBls 
2 — pa3Hpie CTaquH PopMHpoBaHHA WepKapHeB, O, 2 — nulosa, MeTallepKapvh KO- 
wep Kapun, TOJIbKO 4TO NOKHHYBIUHH MOJIJIOCKa, € — Iep- TOpOTro JOK aJIM3 yIOTCHA B 
KapHit uepes 8 uac., 3 — uepes 120 uae. Bas BLIXOLa H3 TlapeHXHMe IHABOK Herpob- 
mMousiocKa. Penpoy. 1 : 2. dallas octoculara, 

C MoMmeHTa TlomaaHua MeTallepKapveB B OpraHH3M OKOHYATeJbHOrO XO3AH~ 
Ha — NMO3BOHOUHOrO — HayMHaeTCA PasBUTHe NOJOBOSpeOH chasbl — MapHTHI. 
Ha stoi chase MpoucxoAUT HeNpepbIBHOe HapacTaHve KOJIMYECTBA OTKAbIBAIO- 
ulerocsd B WapeHxuMe *Kupa. YoxKe y OMHOAHEBHOH MapHTbl O. ranae W3 KMWIeYHNKAa 
JIATYIUKH MOABJIACTCA MHOMKECTBO OecnopAOYHO pasOpocaHHbIX MeJIKMX 2%KUPO- 
BbIX Kaleb. B JaibHeHuieM pa3Mep H KOJIMYeCTBO HX NpoosmKaeT pacTH. 
ToT %e nporecc HaGO_aeTcH HM pM pasBuTHH MapuTEI Sphaerostoma sp. 
B KHIUJeC4HHKe pbIOBI. , 

Ilonpoas wtorv cbakTHYeCKUM JaHHbIM, MbI He MO?KeM COFaCHTbCHA C BbIBOLOM 
Jlytra (*) 0 ToM, YTO AHHaMUKa KPa B 2KUSHEHHOM IMKsle COCAJbILMKOB CBOJUT- 
CA K HapacTaHuio ero KOJIMYeCTBa OT *a3bl K pase. HecomHeHHO, 4TO KarKJOH 


* Ha6oyenia Haq wepKapHamn O. ranae nponsnoznauce A. A. Jlo6posompcKun. 
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. 
yi 
| 
fase pasBUTHA TpeMaToy, CBOMCTBEHHA CBO JIMHaMUKa %KHPOBbIx oTIO7*KeHHH, 
OycnoBseHHad KOHKpeTHbIMH YCIOBMAMM CyWeCTBOBAHHA. 
| Bospiuioh MHTepec mpefictapaeT BOMpoc O XapakTepe *%upa y CHOponMcT 
| mpwultax oTCyTCTBHA ero HeKOTOpHIX BOB. HeT COMHeHHA B TOM, 4TO 
MOpOlucThl (Sphaerostoma, O. ranae), JlokaiMsylouyveca MexKILy opraHaMu MOJI- 
(KOCKOB HU OMBIBAeMbIC remouwuMou, HaxoAATCHA B a9 pOOHBIX YCNOBUAX, TAK Kak 
, FeMOJIMM(pe MOJIJIIOCKOB BCeT Aa pacTBOpeHO 3HayHTeJbHOe KOJIMYeCTBO KHCJIO- 
jona (7). B cooTBeTCTBHH C STUM B cTeHKax HX Tesla MaJlo TIMKOreHa, M OHH TOu- 
(M COBEPIUIEHHO JIMIIeHbI wUpa. B To 2Ke BpeMA CIOpOMMCTH H peAMH, OK aJIH- 
yyloniveca B TOVJIIE ylapeHXHMaTO3HOM TKaHH (Cotylurus H Ap.), BepOATHO, 
JaXOMATCA B YCIOBUAX KUCIOPOAHOFO jecbuluta, TAK Kak KOMeCTBO MOJIeKYy JIAD- 
goro Kucoposa B TlapeHXUMaTO3HBIX OpraHax OOLINHO HEBeEJIMKO (K CO*KAEHHIO, 
MBI He paciiomaraeM JAHHBIMM O colep2kaHHH KUCIOpoAa B NedenH MOJIJIOCKOB). 
[osobHO 3HAayHTeAbHOC cojlepxkanue TinkoreHa B cTeHKax CMOpomwucT STUX 
BYOB H OowbIOe KONMUeCTBO 2%KMpa MOMET C/Y2KUTH KOCBeHHBIM JOKa3aTeJIb- 
eTBoM aHaspoOHoro XapakTepa WX OOMeHAa. O6uapyxKuBaeMbId B UX TKAHAX 
#KUp, BOSMOXHO, CJlelyeT TpakTOBaTb KaK axckpeTopHnli (?). Ilpoucxoxkqenne 
supa y WepKapveB HeACHO. Bo3MoxKHO, 4TO y CTHJETHBIX H KOTHJOWep KHBIX 
MepKapves, pasBUBaIOUlHxCA B agpoOHbIX YCOBUAX, AHP BOSHUKaeT B Pe3yJIb- 
TaTe CMHTe3a, TOTa Kak y anaspoOHbIX (bypKollepKapues OF ABJIACTCH IKCKPEC- 
TOpHEIM. OKOHUAaTeJIbHOS pemenue sToro Borpoca TpeOyeT OMOMHUTEDHBIX 
vieceqopanuit. DuouornuecKkoe 3naueHHe xKupa y WepkapveB MO2KCT ObITb 
qeoakum. Kpytupie »Mposple Karlin, pacceaHHble B lapeHXUMe CTHJIETHBIX ILep- 
Kapves HIM COCpeOTOUCHHBIE Ha mlepesHeM KOHILe Tea (y Cerc. helvetica XXII), 
MoryT urpaTb rupocTaTHyecKyi0 poulb, oOjleruad Bec TENA wepkapua. ITO pes 
‘onomenve xopomio coriacyeTca C (pakTamu: OTCYTCTBHeM }KHPOBLIX KalleJIb 
y HerlmaBaloulux WepKapies Sphaerostoma sp., a TAak#Ke MaJIbIM KOJIM4YeCTBOM 
wKupa y dypKollepKapHes, cHocoOHOCTb KOTOpBIX MaHMpoBaTb B TOJULe BObI 


“B 3HAUHTeJbHOM CTeMeHu obeceuHMBaeTCA OCOOCHHOCTAMH UX mopdovioruu (Ha- 


7™~ rr 


t 


ry 


fe 


_JAMUMe BbIPOCTOB XBOCcTa) . Bmecte C TEM KP llepKapleB MOET CILY2KUTS Jin HAX 


‘JONOJIHUTEIbHLIM 9HEpreTHNeCKUM peccypcom (O. ranae). [lo-suyumMomy, Takoe 
sKe 3HaUeHHe MOMKeET MMeTb XAUP HM Ms HeEKOTOPBIX MeTallepKapHeB (O. ranae), 
eCJIM OHH JOKAIM3yIOTCA B TAKMX Oprahax XO3AMHA, B KOTOPbIX BO3MO27KCH a3poo- 
Hpi OOMeH. B cayuae JOoKaIM3allun MeTallepKapHeB B TlapeHXMMAaTOSHBIX Opra- 
wax XO3MMHA, B MX TKAHAX HaOMOMAeTCA yCUJleHHOe OTMOXKeHHE 2KUPA, KOTOPHIi, 
BepOATHO, ABJIACTCA 39KCKPeTOPHbIM (Cotylurus brevis). C mepexoflom MeTa- 
WlepKapHeB B KMINeYHHK ecspHHUTHBHOTO XO3AHHA HauvHaeTcA aHaspoOnasd (pasa 
Wx CyulecTBOBaHHA, KoTOpaA 3HaMeHYeTCA MOABJICHMEM B japeHXume TeJibMHH- 


. TOB 9kKCKpeTOpHOro mupa, KOJIMUeCTBO KOTOPOTO NposoJKaeT yBeIM4YMBATbCA 


B TeueHve BCel 2KM3HH MapasuTa. 


Jlenwurpagckuit rocyfapCTBeHHBIit yHHBepcHuTeT Tloctymuu10 
um. A. A. ?KjqaHopa 19 III 1964 
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MAPA3HTOJIOPH Al 


P. B. KOCMHHCKHH, P. C. KAPAHAWHHA uf. A. JIEMKHHA 
4YBCTBUTEJIBHOCTb PASJIMNGHbIX BHJIOB BJIOX K JIT 
(ITpedcmaenexo axademuxom E. H. IMaeaoecxum 17 III 1961) 


Iipenapar TIT, nonyuupmui upesppaiino wupoKoe mpuMenenue B Copbbe| 
C MHOFHMH BHaMH BPeAHLIX WICHHUCTOHOFMX, BbICOKOTOKCHYeH TakxKe UH AIA 
6nox. Jla6opaTopHble UCHbITaHHA, MpOBeeHHbIe B OCHOBHOM Ha mapasuTax | 
Kpbic Xenopsylla cheopis, moka3amu, uTO 60x STOO BUA NorHbaroT Ha 100% | 
uepe3s 3—4 MHA Nocse KOHTAKTA B TeyeHHe | uaca c TKaHbIO HIM SyMaroli, npo- | 
MMTaHHOM CIMpTOBbIM WJIM MaCJIAHBIM pacTBopom JIJIT B KkomuuectBe 100— } 
120 mr AJIB wa kKaxkaplit KBanpaTHEI MeTp NOBepXHOCTH yKa3aHHBIX MaTepya- | 
nos (*,°). B onprrax JI. H. Moroguuott (*) 100% Onox noru6anu uepes 24 yaca | 
HOCM€ S-MHHYTHOFO KOHTAKTA C TKAaHbIO, MPOMMTAaHHO! CNMpPTOBBIM pacTBOpoM. } 
AUT 8 nose 150 mr na | mM’. To zpyrum gannpm (?), 210 nomHO ruGenu 6nox | 
KOHUeHTpalluA pelapata LouoKHa ObiTh He MeHee 150 mr ua | mM? TKaHH. 

IIpumenenne JIT 8 mupokol mpaKTuKe Oopb6nl c 60xaMu MOKa3aq0, 4TO | 
MPH COOsMOLeHUM HEOOXOLUMBIX JLOSHPOBOK pas/IMUHbIe (OpMbI Ipenapata (LyCcTEI, 
CYCHeH3HH, SMYJIbCHH H T. Jl.) B OOMbINHHCTBE CulyuaeB JlaBaJIM %KeAeMbIli MHCeK- 
THLMHEIA Sdext (“). OqHako OKasasocb TakxKe, YTO B HEKOTOPBIX CyuaAX 
oPeKTHBHOCTh JaHHOFO MpenapaTa B OTHOMEHUM pasHbIX BHOB Os10X OKa3bi- 
Bajlacb BeCbMa pa3yiMuHOl (*,*). BpickasbiBaBlvecd aBTOpaM¥ TpeqnonoKeHUA 
O IIpw4nHaXx OOHAPYXMBIINXCA PasIMYU OCTaBaMCb LO CMX Nop HenpoBepeH- 
HBIMH. B cBa3H C STHM MBI IIPpOBeIH CpaBHUTe/IbHOe H3yYeHHe UYBCTBUTe/IbHOCTH 
K TIT Hekotoppix BuxoB 610X — Mapa3uTOB rpBisyHoB. “i 

MetToAM xk a. Cnuptospimu pacrsopamu mn’-JJIT (remnepatypa nuiaBue- 
Hua 106—108°, o6pasex nonyyen B WHY IV) nponuteiwanu tpu nopunu mMesmKo- 
S€pHHCTOFO Mecka C TaKHM pacueToM, uTOOL! B 3,5 cMm® ero cofepxKasOCcb: B 
uepBok nopunx 0,01 mr, Bo Btropon 0,001 mr vu B Tpetbeh 0,0001 mr unctoro HH- 
cekTuuna. B KonTpovie Mecok NponuTbIBanM ciuptom. Bo Bcex ombitax Mcnoub- 
30BaJIM OMH OOpase necka. Ilocne nponuTEBaHMA MecoK CyWIMAM B WalKax 
[lerpu npu temnepatype 20—24° B Teuenne 24 uac. 3aTem ero TlepecbilaJIH B IIpo- 
OupKM HM B MocnelHHe Nomemanu no 100 6n0x. Hacekompix cosepxKaH B ITUX 
mpoOupKax Ha Necke B Teyenve 2 cyToK. Boslyx B npoOupKax yBlaKHAIM 
€ MOMOILLbIO KYCOUKOB 3eJIeHbIX MCTbeB. Tlorn6mux, MapasM30BaHHbIX W 2KUBBEIX 
60x cocuMTEIBamM yepes 48 uac. ShdekTHBHOCTD JelicTBHA HHCeKTMILMa BBI- 
YHCIAIH No Popmywe AGG6ora (*): E = ats x 100; rae Ay — kouuuectTBo 
OCTABLIMXCA 2KMBBIX OCOOeli B KOHTpose, A2 — To xe B OMbITe. Tex 60X, KO- 
TOPHI€ MPOABAM MpW3HakH OTPaBJIeHHA B BHe paccTpolicTBa KOOpAMHalMA 
ABWOKeHUM, HO elle COXpaHAJM CHOCOGHOCTS NOMSaTb U MpbiraTb, NapamMsoBan- 
HbIMM He CUMTaJINV. 

Hacekombix JIA OMbITOB MbI Opa u3 MHCeKTapHa, Tle OHH pa3sBOAMJINCb 
B TeveHHe HECKOJIbKUX JIeT HM BosfelictBuIo JIT panpme we nospepramucp. 
Beero B ombiTax 6bI0 vcromb30BaHO 12400 60x, OTHOCAINMxXcCA K 13 BHaM. 

PesyabTarTu. Shbextupyocrs po3ni 0,01 mr IT B 3,5 cm® necka 
yepes 48 yac. cocTraBusa AWA Ctenophthalmus orientalis 91%, a9 Bcex ocTaJIb- 
HbIX BuLoB 100%. Janne 06 sddbekTHBHOCTH MeHBIIMX 103 MHCeKTHUNLa 
SKCHOSHILMH HACCKOMBIX Ha OTPaBJICHHOM TiecKe 48 yac. npescTaBJeHbI B TaGuI. 1. 
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| PesysbTATEI HAWIMX ONbITOB elle pas OATBepKLa1oT, 4TO OsIOXU BooOUIe BeECb- 
@ WyBCTBUTE/IbHBI K JLT. Bnecte c TeM, OHH TAakxKe MoKa3bIBaloT, YTO MEXKAY 
jam STUX HaceKOMbIX MMCIOTCA cyllecTBeHHble pasJM4HA B UYBCTBUTeJIbHOCTH 
\JlaHHoMy MHCeKTHIALy. Cpe MCIIbITAHHDI 13 BHMLOB MOXKHO BbIeJIMTb HEe- 
KOJIbKO Tpylill. K nepsoit rpyitie Hao _OTHeCTH yeThIpe BUA 13 POsOB Cteno- 
hthalmus “ Xenopsylla. Ja Hux LD,, (B MMsurpaMMax JUIT na 3,5 cm? 


Ta6auua 1 
4 : 
| DbbekTHBHOCTh BOSMeHCTBHA Pa3sMIMUHBIX MOS * TIT ua 60x 


ShbexTuB- 

Buta Onox a ee HOCTb, % 

a | 6 

Ctenophthalmus wagneri Tlonesku 29 B 

» orientalis » 26 4 

f Xenopsylla cheopis K ppicnt Pall 4 
DN »  conformis. | Ilecuanku 32 4 
Sy) Ceratophyllus tesquorum CycauKu 42, 2 
x Neopsylla setosa » 45 4 
ah Ceratophyllus iranus TlecuaHKu 80 15 
ai » consimilis | Tlonesku 82 18 
F r » fasciatus | Kppic 89 5 
a we » laeviceps | IlecuaHKu Z 90 20 
a rapist} » mokrzeckyi| Jlomospie MbIIUM 97 30 
Leptopsylla taschenbergi Jlecuble MBI 92 58 

» segnis Jlomosple MBI 400 ' 55 


ee 
* q—0,001 mr TAT B 3,5 cm? mecka; 6 — 0,0001 mr JT 8B 3,5 cM 
mecka. s 


“ jlecKa) IIpH HempepbIBHOH SKCTIOSHIIMM Ha OTPaBJICHHOM lecKe B TeueHHe A8 uac., 


Cys MO NO YYeHHbIM LaHHbIM, 3HaquTesIbHO BEE, ¥eM 0,001 Mr, H, 1O-BHAMMOMY, 


-6nu3Ka K 0,002 mr. Bropyio rpyniy COCTAaBIAIOT MapasHTbl CyCIMKOB C. tesquo- 
‘rum uN. setosa, Id KOTOPBIX LD; MOKHO IPHHATb TouTH pasnoit 0,001 mr. 


K TpeTbeli rpymme cuelyet TIpwuNcTUT 5 BuOB posa Ceratophyllus (moxposa 
Nosopsyllus) — C. iranus, C. consimilis, C. fasciatus, C. laeviceps uC. mork- 
zeckyi, [JIA KOTOPbIx LD,, MeHbule 0,001 mr, Ho Gombe 0,0001 mr, HU, BepoxATHO, 


6nusxa x 0,0003—0,0005 mr. Uetseptyio rpymny cocTaBIAIOT Ba mpescta- 


BUTeIA pola Leptopsylla, 4/1 KOTOpbIXx LD;) HouTH paBHa 0,0001 mr. Takum 
o6pa30M, BUAbI, OTHECEHHEIC HaMu K mocJelHeH, yeTBepTol, rpynne, 6ou1ee 


yem B 20 pa3 YYBCTBUTEIbHee K JLT, vem BusEI, CocTaB.IAIONIMe MEpBYIO rpynny. 


B cBa3v Cc MOJyYeHHBIMM JaHHbIMH HeOOXOMMMO KpHTHYeCKH PacCMOTPeTb 
onucaHHble B JIMTepaType Cly4aH pesko pasnmaHol sdppexTuBHoctTu AycTa LAT 
B OTHOMICHHM HKOTOPHIX 3 H3yUaBIIUXCA HAMM BHAOB 60x. B wacTHOCTH, B pa- 
6otax Vi. VW. Ananus c coast. (*) NoKasaHo, UTO locue yCTHpOBaHuA HOP KpbIc 
(Bp r. Barymu) WHeKchl obumua Onox X. cheopis u C. fasciatus Ha 3Bepbkax 
CHWMKaJIHCb B ropa3sfso 6onbuiel CTeneHH, YEM MHCKCHI L. segnis u Echidnophaga 
murina. Ha 3TOM OCHOBaHMM aBTOpH! CTaJIH a priori cuuTaTb X. cheopis u C. fas- 
ciatus OTHOCHTeBHO Oosiee UYBCTBHTEJIbHBIMH, 4 L. segnis u E. murina — 6os1ee 
pe3HCTeHTHBIMH K JLT. Mosyuennpie Hamu WaHHEIC O CpaBHUTeJbHOH UYBCTBH- 
TeJIbHOCTH PaSHbIX BHOB OsIOX K JULT ne nogzrBepxfaioT nocneqHero BHIBOMAa 
VU. VU. Ananusa c coast. Mot ouoKHbI NORYePKHYTH, uto L. segnis He TOJIbKO He 
Goslee pesHCTeHTHEI, HO, HaOGOPOT, BO MHOTO pas Goulee BOCIIpHMMUHBEI K Tah 
uem X. cheopis (MbI He TOBOPHM O E. murina, Tak Kak He H3y4asM UX YYBCTBH- 
TeNbHOCTH B 9KcTiepuMeHTe). A ToT @akT, UTO TPH JycTUpOBaHHM HOP KpbIc UHC- 
nennocth X. cheopis u C. fasciatus cHwKaeTCA cuslbHee, YEM UHCJICHHOCTb 
L. segnis, uMeeTB CBOeH OCHOBe He TOKCUKONOrMYecKHe, a SKONOTMUeCKHE TPH- 
uMHBI. 

OTH BYILI pasM4yaloTCA MexKAY co6oii, npexkye Bcero, CTeMeHbIO TIpHBA3aH- 
HocTH K Teny xo3aHHa. Ec L. segnis mouTH MOCTOAHHO TIpeGLIBaioT B WlepcTH 
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3Bepbka, To X. cheopis u C. fasciatus 3HayHTeAbHY!0 YaCTb BPeMEHH MpoBoR 
B Hopax H THe3ax Kpbic. EcTrecTBeHHO, 4TO OCOOM NocMeAHUX JBYX BYOB HMetd 
Topa3fO OoJIbIe WaHCOB MOABeEprHYyTbCA LeMCTBHIO HHCeKTHIUMAA, paciibiieHHors 
BO Bxojle B Hopy, em ocoG6u L. segnis. Buaroqapa nowTH NocTOosHHOMY mpe6p 
BaHHIO B IllepcTH XO3AHHAa UMaro L. segnis pexe, 4eM OJIOXH APyrHX BUOB, HME!’ 
KOHTAKT Cc ycToM. B pesysbTaTe cosqaeTcA BMeyaTJIeHHe, YTO OHH «yCTOMUMBBI 
K QT. 

Bpupogp. 1. UyscTButewbHOCTb O6IOX pa3sHbIx BUOB K JIJIT pa3sanuuna 
V3 13 u3syaeHHbIx BUAOB HavOoslee “yBCTBHTebHEI L. segnis, HaHOovlee pesu 
CTCHTHBI BHAI U3 poxop Ctenophthalmus u Xenopsylla. 

2. PallHOHaIbHOe MOCTPoeHHe Je3HHCEKIMOHHBIX MeporpvaTHH BOSMOXKHO 
JMUIb Ha OCHOBe 3HaHHH ONOJIOrHH MapasHTos. 


HayuHo-HccreqoBaTeIbCKHit + MPOTHBOUYMHbI HHCTHTYT Tocrynusto 
Kaspka3a HW 3akaBKa3ba 13 III 1961 


IMTHPOBAHHAA JIMTEPATYPA 


wy Ms Aaa rita: ne: ae 3 ase Tp. Poctrosckoro-Ha-Jlony 
roc. HaywHO-HCC. MpOTHBOUyMH. HHCT., 15, 1959, ctp. 993.937, 233—237. 7B. K Jle- 
HHcCeHKO, HM. B. Bee een wae Ce M1. BelauunKkosa, Tes. OKI. Ha KOH- 
gep., 1959 r., Llentpampupiii HayuHo-nccn. jesHHdekuHOHHEIM uHncT., 1959, crp. 152. 
7M P. Heueuresuya, Meg. napasHton. Hw mapasHTapHbie GomesHH, 26, Ne 1 (1957). 
‘Jl. H. Woroguna, Tp. Wentpanby. naysuo-uccn. qesuHdekuwHoOHHOrO HHCT., B lI, 219 
(1959). 5® W. Abbott,: J. Econ. Entomol., 28) 265 (1925).9* A. Schawarbyve 
Bull. Entomol. Res., 44, Ne 2, 377 (1953). 7 World Health Organisation (Plague), 31, 1958. 
8 J. Wiley, R. Fritz, Am. J. Trop. Med., 28, No 4, 589 (1948). 
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Jlornagm Akafemun nayk CCCP 
1961. Tom 139, Ne 4 


MAPA3HTOJOLHA 


| E. J. JOFAUEB 
PA3BUTHE MATKH Y ILECTOJbI MONIEZIA EXPANSA (RUD., 1810) 
([1 pedcmaeaexo axademuxom K. H. Cxps6unoim 24 III 1961) 


Tipu usyseHuu KyTHKy1ApHPIX oOpas0BaHul WecTOs, MbI oOpaTHH BHAMAaHHe 
4a TOT (paKT, 4YTO y WMpoKOTO NenTeLA (Diphyllobothrium latum) neppaa 3a- 
Kaka MaTKH B MOJIO{bIX MporsoTTuAax lipeficTaB.IAeT Ue/Ib B OCHOBHOM Be- 
gecTBe lapeHXMMbI, KOTOpad OKaSbIBACTCA BEICTAaBHOl TOHKUM ClOeM KYTHKY- 
bl. Ita norpanwinasl KyTHKyJa MaTKY WHpoOKOrO JeHTeILA B mipowecce pasBu- 
THA BOSHUKaeT TlyTeM YIWJIOTHEHUA HeKJeTOUHOTO ocHOBHOrO BenlecTBa TKAHH 
BHYTPeHHEM Cpesipl (apeHxuMbI) HM 3aTem yxKe BCTYTMAaeT B CBA3b C KJIETOUHIMH 
S/leMeHTaMH, MpHuyeM judbepeHUMpOBKa MOCceHUX mpoucxoguT Torga, korta 
morpaHwuHad KyTHKywJa jlocturaeT cBoero pasBHTHA (P}: 
 Y mecToy-nenHen (Cyclophy!lidea) B NosloBospeubIx TIporsoTTHAaX WOJOCTb 


‘MaTKH MOKpbiTa CHUM CJIOCM YIJIOMLeCHHbIX 3HMOTEJIMONOLOOHEIX KJeTOK. OtcyT- 
icTBHe KYTHKYy JAPHOTO MOKpoBa HU HaJHUve KJICETOUHON BbICTHJIKH B cTeHKe MaTKH 


y were, ecTeCTBCHHO, jlaloT BOSMOXKHOCT MpeANoaraTh KakoOil-TO Apyrou 1yTb 
TucToreHe3a MaTKH NO CpaBHEHHIO C TAKOBLIM MAaTKH JICHTeLOB. 

Jlna uccexopaHua pasBuTHs TKAHEBbIX CTPYKTYP MaTKH WlemHel Mbl MCTOJIb- 
sopain wectony Moniezia expansa (Rud., 1810), TesbMMuTel JOOLIBAaIMCb 3 
KHINeCUHHKA OBel, Ha TEPpHTOPHH SanatHon CudupH. Mouogple, MOJOBOSpeJIbIe 


‘(repmacppouuTuble) M 3pevible NporJoTTHAb! UKCHPOBAasUCh WleHKep-(PopMo- 


jiom, cmecbio [laddepa, mo Bysny u 12% HevTpaJIbHbIM (popmMaiuuom. Mate- 
pHa 3alMBaicaA B napadwH VW We JIO“AME (nocme ukcalun ileHKep-popMo- 
jiom). CepHiiHbie cpe3bl, TomumMHol 5—12 pw, OKpalllMBaJIMCb reMaTOKCHJIMHOM 
Kapauun — 903HHOM, 10 Mannopv, mo Menpreny H 303MH-a3y OM. 

B rucrosorvyecKOM OTHOUIeCHHH MaTKa TOJOBOSPeJIIX H 3pesbIX MpOrsoT 
cu M, expansa o6HapyxkuBaeT BeCbMa IIpPHMUTHBHOC yeTpolicTBo. Ona mped- 


 crapaseT H3BUTYIO TpyOuaTy!o MO/OCTh B TKAHH BHYTpeHHeH cpe/bl (mapeH- 
 xuMe), 3aM0/JHeHHY!0 OOJbIIMM HIM MCHLIUMM YHCJIOM PasBUBalOulMXCA OHKO- 


ccbep (anil). Crenka, orpaHvuHBaioulad MOJIOCTb, BHICTIaHA OMHUM CJIOeEM IHLO- 


- TEMMOMOMOOHBIX KIETOK C HHTCHCHBHO 6asctpHJIbHBIMH ApaMy. OcHoBHoe Be- 


WleCTBO TlapeHXHMBI, MO/CTHAIOLee KNeTOUHbI CoM, yMOTHeHO H MecTaMH 
coflepxKUT TycTy!o CeTb TOHKUX CCELMHUTEJIbDHOTKaHHBIX BOJIOKOHEI, o6pa3yto- 
wx Tomovior 6a3a/IbHOH mMemOpaHpl. Mectamu TpyAHO ipopecTH veTKy!O Ppa 
HMILY MexKy MOKPOBHbIM KJI€TOWHDIM COeM UM YIWIOTHEHHBIM BeLLeCTBOM napeH- 
XHMBbI, HOCKOJIbKy B MocJieHeM MOryT 3ayleraTb B OOJIbIIeM HJM MeHbIIeM YHCJIC 
cBoOosHBIe KJIeTKH COeMHUTebHOH TKAHK THIIa 6a30pusIbHBIX aMeOOUHTOB. 
MpnueuHple 9JIeMeHTbI B CTeHKe MATKH oTcyTcTByIoT. OOULMH BHA paspesa MaTKH 
NONOBOZPeOH MpOrsoTTHAbl VccIeOBAHHOH WecTOAb! NpeAcTaBJeH Ha pic. 
(cM. BKJ. K CTP. 916). 

VisyueHve moceoBaTeJIbHbIXx paspesoB MOJIOAbIX H MONOBOSPeJIbIX MpPOrJoT- 
TUL aeT MpescTaBsieHne O (popMMpOBaHHH CTEHKH MATKH. Ilo mepe pasBuTuA 
AVMUHUKOB OTeJIbHbIe AMWeKMeTK TIPOMBUTaloTCA B OCHOBHOM pellecTBe MO3rO- 
Boro COA WapeHXHMbl B Me/{MaJIbHOM HanpapseHun. B yuacTkax napeH- 
XHMB, Mpwsekallux K sAbleKneTkaM, HeKoTopble OTpocTHaTble coe/IMHH- 
TeIbHOTKAHHbIe KJIeETKH CHJIbHO BHITATHBAaIOTCA, COeIMHSIOTCA CBOHMH KOH- 
amu HU faioT Hauasio cBoeoOpasHon y3KOKJIeTOUHOH coeAMHUTeJIbHOTKaHHOH 
nermuctocTu. IlocieqHAA M ARIACTCA nepBuyHOU 3aKslalKOl MaTKH (cM. PHC. hid 
TlapamienbHo C chopMHpoBaHHeM Takol yakoneTsMcTon CHHUHTHa- 
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- ToNsagMaTHyecKyio TpyOouky. OITy cTayuio cbopMupoBaHHA MaTKH MbI O003Ha- 


JIbHOM 3aKJaAKH MATKH B MOSPOBOM CJlO€ TapeHXMMbl MporpeccHBHO pa3B 1 
BaloTCA AMYHHKH MO TOMY IiaHy, KaK 9TO Oblio paHee onucano [. B. Ilac4 
najlesbiM WH Jl. J[umuesolt-po3zanosoni (?). . 

JlaibHeliee HAKOMJICHHe AIL B MO3FOBOM CJIOe MapeHXHMbI IIPHBOUT c 
TOMY, UTO OHH BCTYMaioT B CONPHKOCHOBeHHe C CHHIMTHAIbHOH COeCAMHUTeJIbHO-| 


TKAHHOHM MeTIHCTOCTbIO, KOTOPad MOXKET CJY2XKUTb CyOCTpaTOM WIA NpOABMKeHU 7 
AUMeEBLIX KJICTOK. | 

Ilo Mepe npo2BMxKeHHA AHMeBLIX KJICTOK B rtyOb MO3POBOrO CJIOA MWapeHXHMBI| 
CHHILMTHAIbHBIe TSKH OOBOJAKHBAIOT HOO OTIebHbIe AMMeBLIe KMeTKH, M60 
KJICTKM, PpyNnupyrouiveca Wenoukamu. Tako CHHIMTHAJIbHbIM TAK (cm. puc. 3) 
MeCTAMM MOMXKET 3HAYHTeEIbHO YBEJIMYMBATb CBOIO MpOTOMMasMaTHuecky!O MaCcy. 


AvWeBble KJIETKM OKA3bIBaIOTCA 3aKJIIOUCHHbIMH Kak Obl B HeEKJIeCTOUHYIO Mpo- 


yaeM KaK CTAaj\MiO CHHIMTHabHOrO TaAxKa. TonorpaduuecKH CHHIMTHaJIbHBIe | 
TAKU POPMUPYIOTCA COOTBETCTBEHHO PaCMOOKeHHIO OyAyMWHX WeTedb MATKA. | 

CreLyIOuluM STaMOM pasBUTHA MaTKM ABJIAeTCA NOABJeHHe BakyoulenoL00- 
HbIX MOJIOCTeH B CHHIMTHAIbHOM TAKE. OTOT 3TaMl MbI Ha3bIBaeM CTaHel BOSHHK- — 
HOBeHHA MpocBeTa B CHHUMTHAJIbHOM TaxKe (cM. puc. 4). . 

TlocreneHHo sAeBbIe KJI€TKH 3aMOJHAIOT BakyOJIeMOZOOHbIe MpOCBeTBI 
CHHIMTHaJIbHOrO Kapkaca MaTKH, pacTATMBaIoT nocwetHHH. KaeTouHad BbI- 
CTHJIKa, OFpaHHYHBalollad MOJOCTbh MaTKH B MOJIOBO3peJIbIX MpOrmoTTHfax, 
oO6pasyeTcx W3 SJIEMeHTOB CHHUMTHaIbHOrO Ts2Ka, KOTOpble MOCTeMeHHO TIpH- 
HMMaIoT BHA SHMOTeMONOOOHEIX KeTOK. Apa MocmeqHuX YIMIOTHAIOTCA 
YMeHBbINaIoTCA B pasMepax. | 

Takum 06pa3oM, TpyOuaTbiit opran — matTKa tlecTofpl M. expansa — B OTJIM- 
ye OT TAKOBOM WIMpOKOrO JIeHTella pa3BMBaeTCA He KaK [le€JIb B OCHOBHOM Be- 
IeCTBe IlapeHXMMbI, HO KaK TIOJIOCTb, BOSHUKAarlolllad B pesyJibTaTe CIMAHAA Ba- 
KyOJleH BHYTPH HEKJICTOUHBIX SAepHO-Ma3MaTM¥eCKHX OOpas0BaHH TKaHH 
BHYTpeHHeH Cpe. 

Co cpaBHUTeJIbHOrUCTOJOrMyeCKOH TOUKM 3peHHA Tako cnoco6 pasBuTHA 
TpyOuaToro opraHa y WecToy MMeeT MHOTO OOmero C BOSHHKHOBeHHeEM COCY/M- 
CTEIX OOpasoBaHHi Y 2KMBOTHIX, OTHOCAMIMXCH K CAMbIM Ppa3JIHUHbIM CHCTeMa- 
THuecKHM rpynnam. A. A. 3apap3un (?) yKa3bIBal, YTO Ha paHHUX uoreHeTH- 
YeCKUX CTAMsAX TKAHM BHYTPeHHeM CpefbI IPHMUTHBHBIX KMBOTHBIX B MocweqHet 
BOSHUKJIA MepBble KPOBeHOCHbIe COCYAbI U3 CHHILMTHA JeCMOGACTH4eCKHX 9JIe- 
MEHTOB, a SHAOTeIMM, UX BLICTHaIOULuM, Mor OOpa3s0BaTbCA TOMbKO WyTeM YJIO- 
ICHUA COCAMHUTEIbHOTKAHHBIX KJICTOK. | 

Y amuOnit HOBooOpas0BaHve KPOBeHOCHEIX CocyOB JMMdaTHuecKOroO MelL- 
Ka MTIPOHCXOUT MOMOOHBIM OOpa30M, a HMCHHO COCAMHUTeEbHOTKAaHHbIe KJIeTKH, 
BEITATHBAACh, COC#AMHAIOTCA CBOMMM KOHILAMM HU OOpasylOT Y3KONETIMCTHM TAX, 
B I[MTOMIa3Me KOTOPOFO NOABJIAIOTCA MOWOCTH, CMBalONIMecd 3aTeM B OOMIMH 
mpocset (*). Haxonen, C. W. Wlemxynosnm (*) skcnepHMeHtasbHO OblIO MoKa- 
3A4HO PasBHTHe KPOBEHOCHBIX KalHJJIAPOB y MJI@EKONMTAIONIMX MyTeM OO6pas0Ba- 
HUA BakyOJIeH B MpOTOMIa3Me KJICTOUHLIX TEPpHTOPHU COeAMHUTeJbHOTKaHHOLO 
CHHILMTHA C MOCJeLYIONMM HX MpeoOpasoBaHveM B HelpepHIBHLIM CocyAMCTHIM 
mpocser. IIpHupeeHHble BbIe aHHbIe C HECOMHEHHOCTbIO MOKAa3bIBalOT, YTOB op- 
MUpOBaHHM TpyOuaTEIX OpraHOB B TKAHM BHYTpeHHeHM CpebI y pasJIMUHbIX MKU- 
BOTHBIX (WecTOAH, ampvOun, MiJeKOMMTaloulMe) HMeeT MeECTO BLIPAKEHHBIM Ma- 
payienu3M pa3BuTHd. B ocHoBe 9Toro Napaenu3Ma JI@KUT POJCTBO TKAaHA 
BHYTpeHHeH CpeAbl, PMIOreHeTH4YeCKH BOSHHKMeH U3 caromwuToOmacTa THno- 
TeTHueCKOrO OpraHH3ma TuNa cbarownTenib Mequukopa. 


Kemepospckuit rocyfapCcTBeHHBIli Tlocrymusto 
MeHILMHCKUM HHCTHTYT 15 III 1961 
; LWMTHPOBAHHAA JIUTEPATYPA 
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